Searching for the signatures of terrestrial planets in F-, G-type
  main-sequence stars by Hernández, J. I. González et al.
ar
X
iv
:1
30
1.
21
09
v2
  [
as
tro
-p
h.E
P]
  2
7 F
eb
 20
13
Astronomy & Astrophysics manuscript no. msjonay c© ESO 2018
September 1, 2018
Searching for the signatures of terrestrial planets in F-, G-type
main-sequence stars ⋆
J. I. Gonza´lez Herna´ndez1,2, E. Delgado-Mena3, S. G. Sousa3, G. Israelian1,2 , N. C. Santos3,4, V. Zh. Adibekyan3, and
S. Udry5
1 Instituto de Astrofı´sica de Canarias (IAC), E-38205 La Laguna, Tenerife, Spain
e-mail: jonay@iac.es
2 Depto. Astrofı´sica, Universidad de La Laguna (ULL), E-38206 La Laguna, Tenerife, Spain
3 Centro de Astrofı´sica, Universidade do Porto, Rua das Estrelas, 4150-762 Porto, Portugal
4 Departamento de Fı´sica e Astronomia, Faculdade de Cieˆncias, Universidade do Porto, Portugal
5 Observatoire Astronomique de l’Universite´ de Gene`ve, 51 Ch. des Maillettes, -Sauverny- Ch1290, Versoix, Switzerland
Received July 24, 2012; accepted January 9, 2013
ABSTRACT
Context. Detailed chemical abundances of volatile and refractory elements have been discussed in the context of terrestrial-planet
formation during in past years.
Aims. The HARPS-GTO high-precision planet-search program has provided an extensive database of stellar spectra, which we have
inspected in order to select the best-quality spectra available for late type stars. We study the volatile-to-refractory abundance ratios
to investigate their possible relation with the low-mass planetary formation.
Methods. We present a fully differential chemical abundance analysis using high-quality HARPS and UVES spectra of 61 late F- and
early G-type main-sequence stars, where 29 are planet hosts and 32 are stars without detected planets.
Results. As for the previous sample of solar analogs, these stars slightly hotter than the Sun also provide very accurate Galactic
chemical abundance trends in the metallicity range −0.3 < [Fe/H] < 0.4. Stars with and without planets show similar mean abundance
ratios. Moreover, when removing the Galactic chemical evolution effects, these mean abundance ratios, ∆[X/Fe]SUN−STARS, against
condensation temperature tend to exhibit less steep trends with nearly zero or slightly negative slopes. We have also analyzed a
subsample of 26 metal-rich stars, 13 with and 13 without known planets, with spectra at S/N ∼ 850, on average, in the narrow
metallicity range 0.04 < [Fe/H] < 0.19. We find the similar, although not equal, abundance pattern with negative slopes for both
samples of stars with and without planets. Using stars at S/N ≥ 550 provides equally steep abundance trends with negative slopes for
stars both with and without planets. We revisit the sample of solar analogs to study the abundance patterns of these stars, in particular,
8 stars hosting super-Earth-like planets. Among these stars having very low-mass planets, only four of them reveal clear increasing
abundance trends versus condensation temperature.
Conclusions. Finally, we compared these observed slopes with those predicted using a simple model that enables us to compute the
mass of rocks that have formed terrestrial planets in each planetary system. We do not find any evidence supporting the conclusion
that the volatile-to-refractory abundance ratio is related to the presence of rocky planets.
Key words. stars: abundances — stars: fundamental parameters — planetary systems — stars: atmospheres
1. Introduction
In the past decade, the exhaustive search for extrasolar plan-
ets has given rise to a significant collection of high-quality
spectroscopic data (see e.g. Marcy et al. 2005; Udry & Santos
2007). In particular, the HARPS-GTO high-precision planet-
search program (Mayor et al. 2003) has conducted in the first
five years an intensive tracking of F-, G-, and K-type main-
sequence stars in the solar neighborhood, resulting in the discov-
ery of an increasing population of Neptune and super-Earth-like
planets (Mayor & Udry 2008; Mayor et al. 2011). Interestingly,
⋆ Based on observations collected with the HARPS spectrograph
at the 3.6-m telescope (072.C-0488(E)), installed at the La Silla
Observatory, ESO (Chile), with the UVES spectrograph at the 8-m
Very Large Telescope (VLT) (program IDs: 67.C-0206(A), 074.C-
0134(A), 075.D-0453(A)), installed at the Cerro Paranal Observatory,
ESO (Chile), and with the UES spectrograph at the 4.2-m William
Herschel Telescope (WHT), installed at the Spanish Observatorio del
Roque de los Muchachos of the Instituto de Astrofı´sica de Canarias, on
the island of La Palma
the very strong correlation observed between the host star
metallicity (Santos et al. 2001, 2004; Valenti & Fischer 2005)
and the frequency of giant planets appears to almost vanish
when dealing with these less massive planets (Udry et al. 2006;
Sousa et al. 2008, 2011; Mayor et al. 2011; Adibekyan et al.
2012c; Buchhave et al. 2012). In addition, most of Neptune and
super-Earth-like planets are found in multiplanetary systems (see
e.g. Mayor et al. 2009). Mayor et al. (2011) have recently an-
nounced the discovery of 41 planets with HARPS, among which
there are 16 super-Earth-like planets. Many of these planets
belong to complex planetary systems with a variety of planet
masses and orbital properties (see e.g. Lovis et al. 2011), thus
challenging our understanding of planet formation and evolu-
tion.
The search for peculiarities in the chemical abundance pat-
terns of planet-host stars has also been done (see e.g. Gilli et al.
2006; Ecuvillon et al. 2006; Neves et al. 2009; Adibekyan et al.
2012b), it suggests that there are only small differences in some
element abundance ratios between “single” stars (hereafter, “sin-
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gle” refers to stars without detected planets) and planet hosts (see
the introduction in Gonza´lez Herna´ndez et al. 2010, for a more
detailed background). However, based on HARPS and Kepler
data, Adibekyan et al. (2012a,b) have found that planet-host
stars show significant enhancement of alpha elements at metal-
licities slightly below solar and that they belong to the Galactic
thick disk. They find that at metallicities [Fe/H] < −0.3 dex, 13
planet hosts (HARPS and Kepler samples) out of 17 (about 76
%) are enhanced in alpha elements, while only 32 % of the stars
without known planets are alpha-enhanced at a given metallicity.
Thus, planet formation requires a certain amount of metals, and
therefore, at the relatively low metallicity of[Fe/H] < −0.3 dex,
planet-host stars tend to be alpha-enhanced and tend to belong
to the chemically defined thick disk where the stars should have
higher overall metallicity (Adibekyan et al. 2012a). This result
may be supported by theoretical studies based on core-accretion
models (see e.g. Mordasini et al. 2012).
Recently, Mele´ndez et al. (2009) have found an anomalous
but small (∼ 0.1 dex) volatile-to-refractory abundance ratio of
a sample of 11 solar twins when compared to the solar ra-
tio. They interpret this particularity as a signature of terrestrial
planets in the solar planetary system. Their study used high-
S/N and high-resolution spectroscopic data. Later on, this con-
clusion was also supported by Ramı´rez et al. (2009), who ana-
lyzed a sample of 64 solar analogs, but their result was not so
evident, at least, not at the level of the accuracy of the abun-
dance pattern shown in Mele´ndez et al. (2009), where the ele-
ment abundances are at a distance of ≤ 0.015 dex from the mean
abundance pattern (see also Ramı´rez et al. 2010; Schuler et al.
2011a). Gonza´lez Herna´ndez et al. (2010) analyzed a sample
of seven solar twins, five without and two with planets, us-
ing very high-quality HARPS spectroscopic data, but maybe
still not enough to confirm the result by Mele´ndez et al. (2009).
However, Gonza´lez Herna´ndez et al. (2010) find that on aver-
age both stars with and without detected planets seem to ex-
hibit a very similar abundance pattern, even when consider-
ing a metal-rich subsample of 14 planet hosts and 14 solar
analogs. It is important to note that Gonza´lez Herna´ndez et al.
(2010) analyzed stars with planets of different minimum masses
from Jupiter-mass to super-Earth planets. Nevertheless, the sam-
ple in Ramı´rez et al. (2009) contains same planet-host stars,
but these authors did not distinguish and/or mention them,
which may lead to confusing results. The results found by
Mele´ndez et al. (2009) have not been fully confirmed (see
also Ramı´rez et al. 2010; Gonza´lez Herna´ndez et al. 2011a;
Gonzalez et al. 2010; Gonzalez 2011; Schuler et al. 2011b), in
particular the relation with the presence of planets is strongly de-
bated (Gonza´lez Herna´ndez et al. 2010, 2011b). Recently, they
have however found a similar abundance pattern in the solar
twin HIP 56948, which they claim may have terrestrial plan-
ets (Mele´ndez et al. 2012).
Delgado Mena et al. (2010) have shown that the chemical
abundance pattern of the planet-host stars can be used to distin-
guish among the different compositions of the possible terrestrial
planets. In fact, theoretical simulations based on the observed
variations in the chemical abundances of host stars predict di-
verse compositions for extrasolar terrestrial planets, which are
indeed quite different from those of the solar planetary system
(Carter-Bond et al. 2012a).
In this paper, we investigate in detail the chemical abun-
dances of “hot” analogs (hereafter, “hot” analogs refers to late
F- and early G-type main-sequence stars hotter than the Sun, at
temperatures Teff ∼ 6175 K) of the HARPS GTO sample, which
have narrower convective zones than Sun-like stars, with the aim
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Fig. 1. Histograms of the stellar parameters and metallicities of
the whole sample of “hot” analogs hosting planets (blue dashed
lines) and without known planets (red solid lines).
Table 2. Ranges of stellar parameters and metallicities in differ-
ent samples
Samplea Teff log g [Fe/H] Nstarsb
[K] [dex] [dex]
HA 5950–6400 4.14–4.60 −0.30 – +0.35 61
mrHA 5950–6400 4.14–4.60 +0.04 – +0.19 26
Notes. (a) Stellar samples: “hot” analogs, “HA”, metal-rich “hot”
analogs, “mrHA”. (b) Total number of stars including those with and
without known planets.
of searching for the enhanced signature of terrestrial planets in
their abundance patterns. We also reanalyzed the data of the so-
lar analogs presented in Gonza´lez Herna´ndez et al. (2010) tak-
ing the new discovered planets into account (see e.g. Mayor et al.
2011). We pay special attention to eight solar analogs harboring
super-Earth-like planets under the assumption that these small
planets may have similar chemical composition to that of terres-
tial or Earth-like planets.
2. Observations
In this study, as in Gonza´lez Herna´ndez et al. (2010), we ana-
lyze high-resolution and high-S/N spectroscopic data obtained
with three different telescopes and instruments: the 3.6m-
ESO/HARPS at the Observatorio de La Silla in Chile, the
8.2m-VLT/UVES at the Observatorio Cerro Paranal in Chile,
and the 4.2m-WHT/UES at the Observatorio del Roque de los
Muchachos in La Palma, Spain. In Table 1, we provide the wave-
length ranges, resolving power, S/N, and other details of these
spectroscopic data. The data were reduced in a standard manner
and later normalized within the package IRAF1, using low-order
polynomial fits to the observed continuum.
1 IRAF is distributed by the National Optical Observatory, which is
operated by the Association of Universities for Research in Astronomy,
Inc., under contract with the National Science Foundation.
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Table 1. Spectroscopic observations
Spectrograph Telescope Spectral range λ/δλ Binning Nstarsa | S/N |b δ | S/N |c ∆S/Nd
[Å] [Å/pixel]
HARPS 3.6m-ESO 3800–6900 110,000 0.010 50 877 429 265–2015
UVES 8m-VLT 4800–6800 85,000 0.016 7 722 150 510–940
UES 4.2m-WHT 4150–7950 65,000 0.029 4 643 180 520–850
Notes. Details of the spectroscopic data used in this work. The UVES and UES stars are all planet hosts. Three of the UVES stars were observed
with a slit of 0.3′′ providing a resolving power λ/δλ ∼ 110, 000. (a) Total number of stars including those with and without known planets. (b) Mean
signal-to-noise ratio, at λ = 6070 Å, of the spectroscopic data used in this work. (c) Standard deviation from the mean signal-to-noise ratio.
(d) Signal-to-noise range of the spectroscopic data.
Table 3. Stellar parameters and metallicities from the UVES and UES spectra
HD Teff δTeff log g δ log g ξt δξt [Fe/H] δ[Fe/H]
[K] [K] [dex] [dex] [km s−1] [km s−1] [dex] [dex]
209458a 6118 22 4.50 0.04 1.21 0.03 0.03 0.02
2039a 5959 31 4.45 0.04 1.26 0.03 0.32 0.02
213240 6022 19 4.27 0.05 1.25 0.02 0.14 0.01
23596b 6134 35 4.25 0.08 1.30 0.04 0.31 0.03
33636 5994 17 4.71 0.02 1.79 0.02 -0.08 0.01
50554b 6129 50 4.41 0.07 1.11 0.06 0.01 0.04
52265a 6136 46 4.36 0.04 1.32 0.06 0.21 0.03
72659 5951 13 4.30 0.02 1.42 0.01 0.03 0.01
74156 6099 19 4.34 0.03 1.38 0.02 0.16 0.01
89744b 6349 43 3.98 0.05 1.62 0.05 0.22 0.03
9826 b 6292 43 4.26 0.06 1.69 0.05 0.13 0.03
Notes. Stellar parameters, Teff and log(g/cm s2), microturbulent velocities, ξt, and metallicities , [Fe/H], and their uncertainties, of the planet-host
stars observed with UVES/VLT and UES/WHT spectrographs.
(a) Stars observed with the UVES spectrograph at VLT telescope at λ/δλ ∼ 110, 000. The other stars were observed with UVES at λ/δλ ∼ 85, 000.
(b) Stars observed with the UES spectrograph at WHT telescope at λ/δλ ∼ 65, 000.
3. Sample
With the aim of performing a detailed chemical analysis, we se-
lected late F- and early G-type stars with spectra at S/N > 250
from these three spectrographs. We end up with a sample of 29
planet-host stars and 32 “single” stars (see Fig. 1). All UVES
and UES stars are planet hosts. In Table 2 we provide the ranges
of stellar parameters and metallicities of the 61 “hot” analogs of
the sample. In Fig. 1, we display the histograms of the effective
temperatures, surface gravities, and metallicities of this sample.
The stars hosting planets are on average more metal-rich than the
stars without planets. Thus, we define a subsample of metal-rich
late F- and early G-type stars with 0.04 < [Fe/H] < 0.19, con-
taining 13 planet hosts and 13 “single” stars (see Table 2). On
the other hand, due to the recently discovered new planets (see
e.g. Mayor et al. 2011) in the sample of solar analogs presented
in Gonza´lez Herna´ndez et al. (2010), there are now 33 stars with
planets and 62 stars without planets.
4. Stellar parameters
The stellar parameters and metallicities of the HARPS stars were
extracted from the work by Sousa et al. (2008), which are based
on the equivalent widths (EWs) of 263 Fe i and 36 Fe ii lines,
measured with the code ARES2 (Sousa et al. 2007) and which
evaluates the excitation and ionization equilibria. For the UVES
and UES stars we decided to recomputed the stellar parameters
(see Table 3) using these higher quality data. Chemical abun-
dances of Fe lines were derived using the 2002 version of the
LTE code MOOG (Sneden 1973), and a grid of Kurucz ATLAS9
plane-parallel model atmospheres (Kurucz 1993).
5. Chemical abundances
We performed a fully differential analysis that is, at least, in-
ternally consistent. Thus, we used the HARPS solar spectrum3
of the Ganymede, a Jupiter’s satellite, as solar reference (see
Gonza´lez Herna´ndez et al. 2010). We note here that the UVES
and UES stars were also analyzed using the HARPS Ganymede
spectrum as solar reference owing to the lack of an appropriate
solar spectrum observed with these two instruments.
We computed the EW of each spectral line using the code
ARES (Sousa et al. 2007) for most of the elements. However,
as in Gonza´lez Herna´ndez et al. (2010), for O, S, and Eu, we
2 The ARES code can be downloaded at http://www.astro.up.pt/
3 The HARPS solar spectrum can be downloaded at
http://www.eso.org/sci/facilities/lasilla/instruments/harps/
inst/monitoring/sun.html
3
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calculated the EW by integrating the line flux and for Zr, by
performing a Gaussian fit taking into account possible blends.
In both cases, we use the task splot within the IRAF pack-
age. The EWs of Sr, Ba, and Zn lines were checked within
IRAF, because, as for the elements O, S, Eu, and Zr, for some
stars, ARES did not find a good fit due to numerical problems
and/or bad continuum location. For further details see Sect. 5 in
Gonza´lez Herna´ndez et al. (2010).
The oxygen abundance was derived from the forbidden [O i]
line. This line is serverely blended with a Ni i line (see e.g.
Allende Prieto et al. 2001). We adopted the atomic parameters
for the Ni line from Allende Prieto et al. (2001) and for [O i]
line from Lambert (1978). For more details see Ecuvillon et al.
(2006). We derived the EW of Ni line using the mean Ni abun-
dance of the star and subtracted this EW from the overall EW
of the [O i] feature. The remaining EW value give us the O
abundance of the star. In the solar case, the atlas solar spec-
trum (Kurucz et al. 1984), the whole feature has an EW of
∼ 5.4 mÅ, which provides an abundance4 of A(O) = 8.74 dex
(see Gonza´lez Herna´ndez et al. 2010, for more details).
We again used MOOG (Sneden 1973) and ATLAS mod-
els (Kurucz 1993) to derive the abundance of each line and thus
determined the mean abundance of each element relative to its
solar abundance on a line-by-line basis. However, to avoid prob-
lems with incorrect EW measurements of some spectral lines, we
rejected all the lines with a different abundance from the mean
abundance by more than a factor of 1.5 times the rms. We also
checked that we get the same results when using a factor of 2
times the rms, but we decided to stay in a more restrictive posi-
tion. For 34 F- and G-type stars without planets in our sample,
the line-by-line scatter in the differential abundances goes on av-
erage from σ ∼ 0.014 − 0.025 for elements such as Si, Ni, Cr,
Ca, and Ti, to σ ∼ 0.035 for C and Sc, to σ ∼ 0.050 for Mg
and Na, and to σ ∼ 0.063 for S. These numbers are comparable
to those found in solar analogs (see Gonza´lez Herna´ndez et al.
2010).
6. Discussion
In this section we inspect the abundance ratios of different ele-
ments as a function of the metallicity, [Fe/H], as well as the re-
lation, for different samples of “hot” analogs, between the abun-
dance difference, ∆[X/Fe]SUN−STARS, and the 50% equilibrium
condensation temperature, TC (see Lodders 2003). We also ex-
plore the abundance pattern of some particular stars containing
super-Earth-like planets in the sample of both “hot” analogs and
solar analogs.
6.1. Galactic abundance trends
In Figs. 2, and 3 we depict the very accurate abundance ra-
tios [X/Fe] of many elements in this sample of late F- and
early G-type stars with and without planets, derived from the
high-quality HARPS, UVES, and UES spectra. These Galactic
trends are compatible with those of Galactic thin disk stars (see
e.g. Bensby et al. 2005; Reddy et al. 2006; Gilli et al. 2006;
Takeda 2007; Neves et al. 2009; Delgado Mena et al. 2010;
Adibekyan et al. 2012c) and, in particular, with those of solar
analogs (Ramı´rez et al. 2009; Gonza´lez Herna´ndez et al. 2010).
We may note the small differences in the fits to the abundances of
the “single” “hot” analogs and “single” solar analogs. In partic-
ular, the element O reveals slight differences at the lowest metal-
4 A(X)= log[N(X)/N(H)] + 12
licities (i.e. at [Fe/H] ∼ −0.3 in this sample) whereas Mn, Co,
Sr, Ba, Ce and Nd present these small differences at the highest
metallicities (i.e. at [Fe/H] ∼ +0.3 in this sample). There is also
a tiny shift of ∼ 0.03 − 0.05 in the fits of Al and V. However, in
general for the rest of the elements like S, Si, Ca, Ti, Cr, and Ni,
we almost find perfect agreement. In Tables A.1–A.8, we pro-
vide the element abundance ratios [X/Fe] which are all available
online5.
6.2. Mean abundance ratios [X/Fe] versus TC: previous
results
Mele´ndez et al. (2009) suggest that the formation of rocky plan-
ets in the solar system affects the composition of solar photo-
sphere by lowering the amount of refractory elements with re-
spect to the volatile elements. They focus on Earth-like planets
and do not comment on how much the formation of other slightly
more massive planets like super-Earth- and Neptune-like planets
would affect their interpretation of the mean abundance pattern
of solar twins with respect to the Sun.
According to the element abundances of the
Earth (Kargel & Lewis 1993), the bulk composition of a ter-
restrial planet should be dominated by O, Fe, Mg, and Si, with
small amounts of Ca and Al and with very little C. These terres-
trial planets would be composed by Mg silicates and metallic Fe,
with other species present in relatively minor amounts. Water
and other hydrous phases may or may not be present (Bond et al.
2010). The composition of Earth-like planets depends on the
chemical composition of the host star (Bond et al. 2010;
Carter-Bond et al. 2012a; Delgado Mena et al. 2010), and a
wide variety of terrestrial planets compositions is predicted.
Also giant planet migration plays an important role in the final
Earth-like compositions (Carter-Bond et al. 2012b). A variation
of ±25 % from the Earth composition should be consider to
include Venus and Mars as terrestrial planets (Carter-Bond et al.
2012a).
Depending of the final compositions, these Earth-like plan-
ets could have substantial amounts of water and develop plate
tectonics (Carter-Bond et al. 2012b), which have been proposed
as necessary conditions for life. Simulations of super-Earth-like
planets reveal that these slightly more massive planets could also
have plate tectonics (Valencia et al. 2007a). These authors con-
sider unlikely, although possible, that super-Earth-like planets
could have a lot of gas (Valencia et al. 2007b), as they state that
at higher masses than 10 M⊕ , there is a possibility that H and
He are retained, although these could give rise to massive ocean
planets with high H2O content and a relatively small layer of gas
above it (Valencia et al. 2007b). We should note, however, that
these simulations of super-Earth-like planets assumed a given
planetary composition similar to Earth-like planets, but it seems
reasonable to assume that super-Earth-like planets, since formed
in the same protoplanetary disk, could become a larger counter-
part of Earth-like planets and therefore have a similar composi-
tion.
Ramı´rez et al. (2009) derived the slopes of trends described
by the abundance ratios of a sample of solar analogs versus the
condensation temperature, TC . Although they only took those el-
ements with TC > 900 K into account, they argue that, following
the reasoning in Mele´ndez et al. (2009), a negative slope is an
indication that a star should not have terrestrial planets even if
5 The online Tables A.1–A.8 are available in electronic form at the
CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/...
4
Gonza´lez Herna´ndez et al.: Signatures of terrestrial planets in F-, G- analogs
this star already contains giant planets. We note in this paper, as
in Gonza´lez Herna´ndez et al. (2010), that we are evaluating the
abundance differences ∆[X/Fe]SUN−STARS, and thus we follow
the same reasoning as in Mele´ndez et al. (2009). These authors
also analyze ten solar analogs, among which four have close-in
giant planets. Their abundance pattern differs from the Sun’s but
resembles that of their solar twins. Although the result was sta-
tistically not significant, they suggest that stars with and without
close-in giant planets should reveal different abundance patterns.
Gonza´lez Herna´ndez et al. (2010) studied the abundance
trends of solar analogs with and without planets and find that
most of these stars have negative slopes, hence indicating that
these stars should not contain terrestrial planets. Two stars
in their sample with super-Earth-like planets, HD 1461 and
HD 160691, provide abundance trends [X/Fe]SUN−STARS versus
condensation temperature, TC , with the opposite slope to what
is expected if these stars contain terrestrial planets. Therefore,
Gonza´lez Herna´ndez et al. (2010) suggest that these abundance
patterns are not related to the presence of terrestrial planets.
They also note that the abundance patterns of solar analogs are
strongly affected by chemical evolution effects, especially for el-
ements with steep Galactic trends like Mn (with TC ∼ 1160 K).
Ramı´rez et al. (2010) combined chemical abundance data
of solar analogs from previous studies. They produce an av-
erage abundance pattern consistent with their expectations
(Ramı´rez et al. 2009) but extracted from more noisy abundance
patterns. They also argue that when deriving the slopes for ele-
ments with TC > 900 K in the two planet hosts HD 1461 and
HD 160691, they obtained the sign consistent with the results
by Ramı´rez et al. (2009). Gonza´lez Herna´ndez et al. (2011b)
demonstrate instead that using the elements TC > 1200 K
provides the opposite sign as in the case of TC > 900 K.
Unfortunately, there are more refractory elements, most of them
with TC > 1200 K, than volatile elements. Thus a more reliable
trend should consider the whole range of TC values for the avail-
able elements, i.e. 0 < TC < 1800 K (Gonza´lez Herna´ndez et al.
2011b). In addition, subtracting the Galactic chemical evolution
effects before fitting the abundance ratio [X/Fe] almost com-
pletely removes any trend not from these two planet-host stars
but also from the average values of the subsample of metal-rich
solar analogs (Gonza´lez Herna´ndez et al. 2011a).
Gonzalez et al. (2010) and Gonzalez (2011) investigated the
abundances of refractory and volatile elements in a smaller sam-
ple of stars with and without giant planets. They claim to con-
firm the results by Ramı´rez et al. (2009) but in a broader effec-
tive temperature, Teff , range. They also state that more metal-
rich stars display steeper trends than more metal-poor counter-
parts. Schuler et al. (2011b) analyzed a small sample of ten stars
known to host giant planets using very high-S/N and very high-
resolution spectra but in the wide Teff range 5600–6200 K and
in the metallicity, [Fe/H], range 0-0.4 dex. They chose instead to
fit the abundances [X/H] versus TC and found positive slopes in
four stars with close-in giant planets and flat or negative slopes in
stars with planets at longer orbital periods, thus consistent with
recent suggestions of the terrestrial planet formation signature.
They contend, however, that these trends probably result from
Galactic chemical evolution effects.
More recently, Schuler et al. (2011a) and Ramı´rez et al.
(2011) have presented a detailed chemical analysis of the two
solar twins of the 16 Cygni binary system. One of them, 16
Cygni B contains a Jupiter-mass planet in an eccentric orbit, but
no planet has been detected around 16 Cygni A. According to
Schuler et al. (2011a), these two stars appear to be chemically
identical, with a mean difference of 0.003±0.015 dex. On the
other hand, Ramı´rez et al. (2011) find that star A is more metal-
rich than star B by 0.041±0.007 dex, and suggested that this
may be related to the formation of giant planet in star B. Both
results may be consistent at the 3-σ level and probably indi-
cate that internal systematics are greater than typically assumed.
Takeda (2005) claims there is no metallicity difference between
16 Cygni A and B. Laws & Gonzalez (2001) were the first in
performing a differential analysis and they also suggest that star
A is more metal-rich than star B by 0.025±0.009 dex, but only
based on the analysis of iron lines.
6.3. All “hot” analogs
The whole sample of stars presented in this work is composed
of 61 late F- and early G-type stars, 29 planet hosts, and 32 “sin-
gle” stars. In Fig. 4 we display the mean abundance difference,
∆[X/Fe]SUN−STARS, versus the condensation temperature, TC , us-
ing the HARPS spectrum6 of Ganymede as solar reference (see
Gonza´lez Herna´ndez et al. 2010, for further details). The left
panel of Fig. 4 evokes high scatter among the points for different
elements for stars both with and without planets, and therefore
the fits are very tentative and do not provide any additional infor-
mation. However, that in this relatively narrow metallicity range
the Galactic trends shown in Figs. 2, and 3 give different slopes,
strongly affects the mean element abundance ratios. For this rea-
son, we also computed the values ∆[X/Fe]SUN−STARS but after
subtracting these Galactic evolution effects. To do that, we fit
a linear function to the Galactic trends of the 32 “hot” analogs
without planets (see linear fits in Figs. 2, and 3) and subtracted
the value given by this fit at the metallicity of each star to the
abundance ratio of the star.
The result is depicted in the right-hand panel of Fig. 4. For
“single” stars, the mean abundance ratios of pratically all ele-
ments roughly become zero, with a tiny scatter (σ = 0.0097),
as well as the slope of the fit to all mean abundances is almost
zero, with a value of (−0.09 ± 0.04) × 10−4 dex K−1. For “hot”
analogs hosting planets, the remaining scatter is larger, so the
slope of the fit remains negative, (−0.24 ± 0.05) × 10−4 dex K−1
(see Table 4). This is probably because we are using the lin-
ear fits to the Galatic trends of stars without planets, although
the abundance ratios of planet hosts seem to follow the Galactic
trends defined by these linear fits. However, if we choose planet
hosts to fit their galactic chemical trends the result give a similar
scatter (σ = 0.0121) as the that that abundance ratios of “sin-
gle” stars in Fig. 4, and the fit is close to zero (−0.013 ± 0.046).
Hereafter we use abundance ratios of “single” stars to fit the
Galactic trends because they cover the whole range of metallic-
ity, whereas planet hosts mostly cover metallicities [Fe/H]> 0,
thus “single” stars are better tracers of Galactic chemical evolu-
tion effects.
This may be also due to intrinsic differences between the
abundance pattern of stars with and without planets, a possibil-
ity that we explore in Section 6.7. This could be also related
to the different metallicity distributions of stars with and with-
out planets, where the former is more metal-rich, but as we see
in Section 6.4, a subsample of metal-rich “hot” analogs without
planets still behaves in a different way than a similar sample of
stars with planets.
6 The HARPS solar spectra can be downloaded
at http://www.eso.org/sci/facilities/lasilla/instruments
/harps/inst/monitoring/sun.html
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Table 4. Slopes of the linear fit to the mean values
∆[X/Fe]SUN−STARS versus TC
Samplea Non-GCEb GCEb Nstarsc
sSA −0.378 ± 0.033 −0.060 ± 0.029 62
pSA −0.302 ± 0.047 +0.014 ± 0.040 33
smrSA −0.235 ± 0.055 −0.062 ± 0.053 16
pmrSA −0.194 ± 0.048 −0.027 ± 0.047 16
sHA −0.160 ± 0.046 −0.086 ± 0.041 32
pHA −0.404 ± 0.048 −0.242 ± 0.046 29
smrHA −0.111 ± 0.062 −0.106 ± 0.061 13
pmrHA −0.506 ± 0.066 −0.379 ± 0.063 13
smrHAh −0.330 ± 0.069 −0.258 ± 0.070 10
pmrHAh −0.419 ± 0.068 −0.289 ± 0.067 10
pSAlp −0.099 ± 0.067 +0.125 ± 0.059 13
pSAmp −0.370 ± 0.075 −0.044 ± 0.062 14
pSAsp −0.404 ± 0.114 −0.103 ± 0.092 6
pSAlm −0.348 ± 0.059 −0.077 ± 0.050 21
pSAmm +0.236 ± 0.114 +0.383 ± 0.097 4
pSAsm −0.223 ± 0.084 +0.199 ± 0.065 8
Notes. Slopes of the linear fit of the mean abundance ratios,
∆[X/Fe]SUN−STARS, as a function of the condensation temperature, TC ,
using the whole TC interval, for different stellar samples. (a) Stellar sam-
ples: “single” solar analogs, “sSA”, planet-host solar analogs, “pSA”,
“single” metal-rich solar analogs, “smrSA”, planet-host metal-rich so-
lar analogs, “pmrSA”. “HA” refers to “hot” analogs and “HAh” refers
to very high S/N data (S/N > 550). Planet-host solar analogs with the
most massive planet in an orbital period Porb < 25 days, “pSAsp”,
100 < Porb < 600 days , “pSAmp”, 900 < Porb < 4250 days,
“pSAlp”. Planet-host solar analogs with the minimum mass, mp sin i,
of the least massive planet in the ranges: mp < 14 M⊕ , “pSAsm”,
14 < mp < 30 M⊕ , “pSAmm”, mp > 30 M⊕ , “pSAlm”. (b) “Non-GCE”
and “GCE” refers to the mean abundances before and after being cor-
rected for galactic chemical evolution effects. (c) Total number of stars
in the sample.
6.4. Metal-rich “hot” analogs
We selected a subsample of 26 metal-rich “hot” analogs with the
aim of investigating the abundance pattern of similar samples
of stars with and without planets with very similar metallicity
distribution. Thus, we selected 13 planet-host and 13 “single”
late F- and early G-type stars. In Fig. 5 we display the mean
values ∆[X/Fe]SUN−STARS for these two subsamples. In the left-
hand panel of Fig. 5, planet hosts again yield a steeper abun-
dance trend versus condensation temperature than “single” hot
analogs. However, in the right-hand panel of Fig. 5, after remov-
ing the chemical evolution effects, the abundance pattern of “sin-
gle” stars does not exhibit any trend whereas for planet hosts the
mean abundances still hold a negative slope.
Mele´ndez et al. (2009), Gonzalez et al. (2010), and
Gonzalez (2011) found that the planet-host stars show
steeper trends than “single” stars at high metallicity al-
though this effect is probably related to chemical evolu-
tion effects. Gonza´lez Herna´ndez et al. (2011a) depicted in
their Fig. 3 the mean abundance trends of a subsample of
metal-rich solar analogs with and without planets together
with steep fits to the data, but with similar slopes in both
cases, (−0.23 ± 0.06) × 10−4 dex K−1 for “single” stars and
(−0.16 ± 0.05) × 10−4 dex K−1 for planet-host stars (see also
Gonza´lez Herna´ndez et al. 2010). They display in their Fig. 4
however that after removing the galactic chemical evolution
effects, these negative trends almost disappear, and clearly the
slopes of stars with and without planets are consistent within the
1-σ uncertainties, (−0.07 ± 0.06) × 10−4 dex K−1 for “single”
stars and (−0.02 ± 0.05) × 10−4 dex K−1 for planet-host stars
(see Table 4). In addition, the mean abundance pattern of solar
analogs after correcting for galactic chemical evolution also
exhibit flat trends for the 62 “single” stars and 33 planet hosts
(Gonza´lez Herna´ndez et al. 2013b). On the other hand, if one
chooses a subsample of very high-quality spectra of metal-rich
“hot” analogs with S/N > 550, then although the trends still
remain very steep with negative slopes, in this case, for ten
stars with and ten without planets (Gonza´lez Herna´ndez et al.
2013a), these slopes are both very similar and consistent within
the error bars (see Table 4).
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Fig. 8. Top panels: Minimum mass of the most massive planet
of each of “hot” analogs hosting planets versus the orbital period
of the planet (left panel) and metallicity [Fe/H] (middle panel),
and temperature (right panel), with the most massive planet in
an orbital period Porb < 65 days (diamonds), 115 < Porb <
630 days (squares), 950 < Porb < 4050 days (triangles). Bottom
panels: the same as top panels but showing the minimum mass
of the least massive planet. The symbols as in top panel.
6.5. Revisiting solar analogs
The number of planet hosts in the sample of solar analogs
in Gonza´lez Herna´ndez et al. (2010) have changed due to
the discovery of planets of different masses, in particu-
lar, low-mass planets with masses below 30 M⊕ (see e.g.
Mayor et al. 2011). We have reanalyzed the data presented in
Gonza´lez Herna´ndez et al. (2010) and been able to correct the
abundance differences, ∆[X/Fe]SUN−STARS, for the chemical evo-
lution effects using the linear fits to the Galactic abundance ra-
tios, [X/Fe], of solar analogs without known planets.
In Fig. 6 we display the mean abundance differences for up-
dated lists of stars with and without detected planets. Stars host-
ing planets are also separated for different orbital periods of the
most massive planet in the planetary systems. However, we do
not see any clear signature. All of them show similar mean abun-
dance pattern although with slightly different slopes, to those
found for the whole samples of stars with and without planets.
However, one could speculate that the positive trend seen for the
largest orbital periods (Porb > 900 days) would allow the forma-
tion of terrestrial planets in closer orbits. For the most massive
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planets at the orbital periods between 100 and 600 days, we get
a flat trend (see Table 4). The stars with the most massive planets
at the shortest periods (Porb < 25 days) display a slightly nega-
tive trend, which would indicate that these stars would not have
formed terrestrial planets or that they have been captured via, for
instance, a possible inward migration of the most massive plan-
ets in these systems. A similar slope is found for stars without
detected planets; however, these slope values are only signifi-
cant at ≤ 2 σ (see Table 4), which probably makes the previous
statement too tentative.
In the right-hand panel of Fig. 6, we depict the mean abun-
dance differences but separate the planet hosts into several
ranges of the minimum mass of the least massive planet. The
mean abundance patterns are similar, but the slopes of the trends
seem to behave in different ways depending on the range of
masses. We again try to speculate on these results to try to
identify possible explanations. The stars containing super-Earth-
like planets show an increasing trend, which would indicate that
these stars are slightly different from the Sun and that the super-
Earth-like planets behave on average like the terrestrial plan-
ets of the solar planetary system, but with higher amount of
metals trapped on these super-Earth-like planets. On the other
hand, the stars harboring Neptune-like planets show on average
a steep positive trend slope that would mean that the Neptune-
like planets have, as one may expect, a higher content of refrac-
tory elements than the Sun and that the volatile content caught
in Neptune-like planets would not be too large. Finally, the stars
hosting Jovian planets exhibit a slightly negative or almost flat
trend, which may indicate that these stars only harbor giant plan-
ets, although in that case one would expect to see a steep neg-
ative trend. The possibility still remains that these stars harbor
a small number of terrestrial planets. The ideal situation would
be to group the stars taking the planet mass and periods into ac-
count at the same time but the statistics would be even worse.
Thus, although these statements appear to follow the line of rea-
soning in Mele´ndez et al. (2009), we think we need more Sun-
like stars with already detected planets at different masses and
orbital periods and with high-quality data to confirm this very
tentative scenario. In the next section we individually inspect
the abundance pattern of the stars hosting super-Earth-like and
Neptune-like planets to try to elucidate whether there is a con-
nection between the amount of rocky material in the low-mass
planets and the slopes of the abundance trends of each star.
6.6. Stars hosting super-Earth-like planets
Gonza´lez Herna´ndez et al. (2010) already studied the abundance
trends of two stars in their sample, with negative slopes, which
harbor super-Earth-like planets, HD 1461 and HD 160691.
Taking into account the new discovered planets presented e.g.
in Mayor et al. (2011), our sample of solar analogs analyzed
in Gonza´lez Herna´ndez et al. (2010) and our sample of “hot”
analogs now contain 8 and 2 stars hosting super-Earth-like plan-
ets, respectively. It is therefore interesting to look at the abun-
dance pattern of these stars harboring, at least, super-Earth-like
planets under the assumption that these exoplanets contain a sig-
nificant amount of rocky material in the form of refractory el-
ements. We note here that the masses of the planet are indeed
minimum masses, so that in some cases the “real” planet mass
could be significantly higher. However, statistical analysis show
that the distribution of mp sin i values is similar to that of “mp”
values (Jorissen et al. 2001). In fact, the average value of sin i for
a random distribution of angles is of 0.79, so the average factor
of overestimation is only 1.27.
In Fig. 7 we display the abundance pattern of ten
stars hosting super-Earth-like planets in the sample of
“hot” analogs and the sample of solar analogs analyzed in
Gonza´lez Herna´ndez et al. (2010). The abundance differences of
these stars, ∆[X/Fe]SUN−STARS, are plotted versus the condensa-
tion temperature, TC . The abundances ratios of each star were
corrected for the Galactic trends at the metallicity of the star. To
compute these abundance corrections, we used the linear fitting
functions of the galactic abundances of both the sample of 32
“hot” and 62 solar analogs without detected planets. In Fig. 7 we
also show the fits to all abundance ratios of each star weighted
by their uncertainties. There are many more refractory elements
(with TC & 1200 K) than volatile elements, so a more reliable
fit of these element abundance ratios should consider all of the
TC values. However, we still find that this fitting procedure does
not give the same weight to all TC values and thus we decided
to average the abundance ratios in bins of ∆TC = 150 K. We es-
timate the error bars of these new points as the maximum value
between standard deviation from the mean abundance and the
mean abundance uncertainty of the elements at each TC bin, un-
less there is only one point in this TC bin, in which case, the error
bar is associated with the abundance uncertainty of the given el-
ement. The error bar is estimated in this way in order to consider
all possible sources of uncertainty, i.e. not only the scatter of
the element abundances but also the individual abundance un-
certainties. These new data points are also depicted in Fig. 7,
together with their corresponding linear fitting functions, which
were again derived by the fit of these points weighted by their
error bars. The slope of these linear fits is our adopted slope to
be evaluated in the context of the possible presence of terrestrial
planets in these stars. In many cases, these new fits of the aver-
age points are similar to those corresponding to the individual
element abundances.
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Fig. 9. Slopes of the linear fits to 61 “hot” analogs of the mean
element abundance ratios, ∆[X/Fe]SUN−STARS, versus the con-
densation temperature, TC , as a function of the minimum mass
of the least massive planet of each planet-host star (left panel),
the stellar metallicity (middle panel), and effective temperature
(right panel). The mean error bars of the slopes are shown in
upper-left corner for planet hosts and upper-right corner for “sin-
gle” stars. The symbols as in Fig. 8.
By inspecting Fig. 7, one realizes that there are four stars
showing positive slopes, three showing negative slopes, and
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three giving a flat slope. We note that if all the stars provided a
flat slope, the interpretation related to the existence of terrestrial
planets would lose its meaning. Either way, the magnitude of the
slope should be related to the amount of rocky material present in
these planetary systems. Thus, finding one single planetary sys-
tem that does not accomplish the expected slope may be enough
to rule out the statement claiming that the abundance pattern of
a star conceals a signature of rocky planets. In these small sub-
samples of ten stars hosting small planets, there are three stars
providing negative trends, but having relatively massive super-
Earth-like planets. In these three stars, one would expect to find,
at least, similar positive trends. However, we still do not know if
these stars actually harbor really rocky Earth-like planets.
In Fig. 7 we also indicate the number of confirmed planets in
these planetary systems. There does not seem to be any connec-
tion between the number of planets and the slope of the abun-
dance pattern versus condensation temperature. There are solar
analogs with only two detected planets, HD 1461 and HD 96700,
whose less massive planet have 5.9 M⊕ and 9.0 M⊕ at orbital
periods Porb ∼ 13.5 days and 8.1 days, respectively. These
two solar analogs also have a second super-Earth-like planet
with masses 7.6 M⊕ and 12.7 M⊕, at Porb ∼ 5.8 days and
103.5 days, respectively, hence a significant amount of rocky
material. Nevertheless, they both exhibit unexpected, nearly flat
trends. In addition, the two “hot” analogs, with Teff ∼ 5975 K,
should have narrower convective zones than the Sun what would
make it easier to detect any possible signature for terrestrial plan-
ets. These two stars, HD 93385 and HD 134060, harbor two
planets each with masses 8.4 M⊕ and 10.2 M⊕ (at Porb ∼ 13.2
and 46 days) and 11.2 M⊕ and 47.9 M⊕ (at Porb ∼ 3.2 and 1160.9
days). These planets should also contain a large amount of rocky
material, hence refractory elements, but they have slightly lower
volatile-to-refractory abundance ratios than the Sun, and there-
fore should have less rocky material than the solar planetary sys-
tem.
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Fig. 10. Same as Fig. 8, but for solar analogs hosting planets,
with the most massive planet in an orbital period Porb < 25 days
(diamonds), 150 < Porb < 650 days (squares), 1000 < Porb <
4300 days (triangles).
It is actually plausible that many of our stars in both sam-
ples of “hot” and solar analogs host really terrestrial planets.
Numerical simulations reveal that low-mass (from Neptune-like
to Earth-like) planets are much more common than giant planets,
this effect is more significant as the metallicity decreases, and
probably 80–90% of solar-type stars have terrestrial planets (see
e.g. Mordasini et al. 2009a,b, 2012). This statement agrees with
the growing population of low-mass planets found in the HARPS
sample of exoplanets (Udry & Santos 2007; Howard et al. 2010;
Mayor et al. 2011).
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Fig. 11. Same as Fig. 9 but for solar analogs. The symbols as in
Fig. 10.
6.7. Planetary signatures in the abundance trends?
We now explore the abundance trends of the whole sample of
“hot” and solar analogs to extract information on the amount of
rocky material in their planetary systems. In Fig. 8 we depict the
important orbital properties, minimum mass of the most mas-
sive and the least massive planets, and the orbital period as well
as two stellar properties, metallicity, and effective temperature,
of all the 29 “hot” analogs with planets. Figure 8 exhibits a va-
riety of planetary systems, many of them with more than one or
two planets. This plot also allows us to see that there are only
two stars hosting super-Earth-like planets (see also Fig. 7) with
Teff ∼ 5975 K and metallicities slightly above solar, but also
that the most massive planets in these systems are another super-
Earth-like and one Saturn-like planet in about 6- and 100-day
orbits (see Section 6.6). In Fig. 8 we are also able to distinguish
many stars harboring isolated planets with masses between 50
and 3500 M⊕ . The stellar properties of the stars, Teff and [Fe/H],
exhibit uniform behavior irrespective for the orbital period of the
most and the least massive planets in each planetary system.
Although the planetary systems of the sample of “hot”
analogs exhibit a substantial complexity, we try to extract in-
formation from the slopes of the average abundances versus the
condensation temperature as seen in Section 6.6. Thus we de-
rive the trend in the average abundances in TC bins of each “hot”
analog as shown for the stars hosting super-Earth-like planets
in Fig. 7. In Fig. 9 we depict the slopes of these average trends
against the minimum mass of the least planet mass, the stellar
metallicity, and the effective temperature. We also display the
slopes for “hot” analogs without known planets. According to
the line of reasoning in Mele´ndez et al. (2009), positive slopes
would mean that these stars are deficient in refractory elements
with respect to the Sun and hence likely to host terrestrial plan-
ets. From this plot one realizes that only a few stars that al-
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ready harbor giant planets would also have terrestrial planets.
However, most of the “hot” analogs, in particular two stars that
already contains super-Earth-like planets exhibit negative slopes,
so have less probability of hosting terrestrial planets. We also in-
clude stars without known planets and more than half of them
show positive slopes and therefore should have terrestrial plan-
ets.
In Fig. 10, we display the minimum masses of the planets
orbiting 33 solar analogs similarly as Fig. 8. We notice here
that there are eight solar analogs with super-Earth-like planets
with masses between 6 M⊕ and 13 M⊕ at orbital periods be-
tween 6 and 16 days, and four Neptune-like planets, with masses
16 M⊕ and 23 M⊕ at Porb in the range 4–122 days. The distri-
butions of effective temperatures and metallicities among solar
analogs are also approximately homogeneous and do not depend
on the orbital period of the planets. In Fig. 11, we depict the
slopes for solar analogs with and without planets computed as
in Fig. 9. We also display the mean error bars for different sam-
ples of stars with and without planets to illustrate how accurate
these slopes are. In fact, many of these values are consistent
with flat slopes. We see that many stars with low-mass plan-
ets exhibit positive slopes. Most of these planetary systems have
Jupiter-like or Saturn-like planet at orbital periods longer than
100 days. On the other hand, the two solar analogs, showing neg-
ative slopes, only harbor super-Earth-like planets at orbital peri-
ods shorter than 25 days. Solar-type stars with only giant planets
with long orbital periods display mostly negative slopes, which
may indicate that they do not host terrestrial planets, although
there are some with positive slopes. The solar analogs without
detected planets are more or less equally distributed above and
below the flat slope.
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Fig. 12. Same as Fig. 11 but highlighting stars with super-Earth-
like planets (red filled symbols) and stars with Neptune-like
planets (blue filled symbols). The predicted lines (black lines)
track the amount of rocky material in the planetary systems as 1,
3, 10, and 30 M⊕.
Chambers (2010) demonstrates that is possible to explain the
abundances of solar twins in Mele´ndez et al. (2009) by adding
four Earth masses of rocky material. In the solar system, the
terrestrial planets only have about 2 M⊕ of rock. However, the
primordial asteroid belt probably contained a similar amount
of rocky protoplanets (Weidenschilling 1977). This mass of
rock was probably ejected from the solar system once Jupiter
formed (see e.g. Chambers & Wetherill 2001), and thus would
be missed from the solar photosphere. Therefore, the existence
of the present terrestrial planets and the asteroid belt in the so-
lar planetary system could explain the abundance pattern of the
solar twins with respect to the Sun. Chambers (2010) argues
that just adding 4 M⊕ of Earth-like material to the current so-
lar photosphere is enough to sufficiently increase the amount of
refractory elements but not to reproduce the abundance pattern
of solar twins in Mele´ndez et al. (2009). To approximately re-
cover that pattern one needs to add 4 M⊕ of a equal mixture of
Earth-like and CM chondrite material, provided that the fraction-
ation is limited to the current size of the convection zone, which
comprises ∼ 2.5% of the Sun’s mass. Thus, this augmented so-
lar abundance pattern roughly matches the mean abundance of
those solar twins both for volatile and refractory elements, sug-
gesting that the Sun could have accreted refractory-poor mate-
rial from both the terrestrial-planet and the asteroid-belt regions
(Chambers 2010).
One of the problems of this simple model is probably
the size of the convection zone at the time of the forma-
tion of terrestrial planets. This issue has already been dis-
cussed in Mele´ndez et al. (2009) where they point out that pro-
toplanetary disks have typical lifetimes . 10 Myr (see e.g.
Sicilia-Aguilar et al. 2006; Mordasini et al. 2012), but at that
time, the mass fraction of the convection zone of a solar-type
star is about 40 % (D’Antona & Mazzitelli 1994), and it goes
down to its current size likely after 30 Myr. However, recently
Baraffe & Chabrier (2010) have shown that episodic accretion
during pre-main-sequence evolution of solar-mass stars could
accelerate the evolution of the convective zone until reaching its
current size. This effect is more evident as the initial mass of the
protostars, before the onset of the accretion episodes, decreases.
Thus, only in the case of initial mass of the protostars before the
onset of the accretion bursts as low as 10 MJup (with accretion
rates of 0.5 MJup yr−1 during episodes lasting for 100 yr) would
the convection zone reach the current size in about 6-8 Myr, and
therefore be consistent with the lifetime of the protoplanetary
disk in the above scenario. Different efficiencies of episodic ac-
cretion may also affect the final atmospheric abundances of the
star, as can the composition of the accreted material.
On the other hand, the accretion of small planets containing
“heavy” refractory elements, which may happen, for instance,
during inward migration of massive planets (as mentioned in
section 6.5), may also affect the composition of the convective
zone of these stars depending on the relative strength of ther-
mohaline mixing/convection caused by unstable µ-gradient, ex-
ternal turbulence (as for instance rotation-induced mixing), and
radiative levitation (see Vauclair & The´ado 2012, and references
therein). The remaining question may be how much this affects
the accretion of volatiles elements such as C, N, and O, during
accretion of the dust-depleted gas needed to explain the solar
abundances in the above scenario.
Giant planets of the solar system also contain a signifi-
cant number of refractory elements, ∼ 50 − 100 M⊕ (Guillot
2005), but they do not appear to be enriched in rock-forming
elements compared to ices (Owen et al. 1999). Thus, it is dif-
ficult to estimate how much giant-planet formation can affect
the photospheric abundances of refractory elements in solar-type
stars (see the discussion in Chambers 2010, for more details).
Chambers (2010) elaborates a simple model that quantifies
the amount of rocky material in a stars’ planetary system from
the slopes of the trends described by the abundance ratios of
a sample of solar analogs versus the condensation temperature,
TC . They use the slopes derived by Ramı´rez et al. (2009) to
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tentatively identify stars harboring terrestrial planets, according
to their model. We applied this model to our sample of solar
analogs, but we use the slopes determined with the average abun-
dances in bins of ∆TC = 150 K as described in Section 6.6 and
displayed in Fig. 11. We use both equations 1 and 2 in Chambers
(2010) to estimate the mass of the accreted fractionated mate-
rial, Mfrac, which is mixed with material in the stellar convec-
tive zone, MCZ, and the mass of rocky material, Mrock. We as-
sume the mass of convective zone to be constant over time and
equal to 0.02 M⊙ for all solar analogs (Pinsonneault et al. 2001).
We also adopt the whole interval of condensation temperature
40–1750 K. We choose the value of −0.35 × 10−4 dex K−1 as
minimum slope, which corresponds to the parameter S max in
Chambers (2010), since most of the points are above this value.
In Fig. 12, we depict the same plot as Fig. 11, but
highlight those stars hosting super-Earth-like, with minimum
masses, mp sin i, between 5 and 14 M⊕, and Neptune-like, with
mp sin i 14–30 M⊕, planets. In the middle panel of Fig. 12 we
also display lines corresponding to the amount of rocky ma-
terial that is expected to be missed from the atmosphere of
the stars according to their slopes. These lines should track
the amount of mass that is in terrestrial planets, maybe also
super-Earth-like planets, as well as possible asteroid belts. This
plot is similar to Figure 3 in Chambers (2010), but the values
used by Chambers (2010) are greater mainly because we sub-
tract the chemical evolution effects from abundance trends of
the stars, and Ramı´rez et al. (2009) did not. In addition, in this
plot we distinguish among stars with and without known planets
and with different minimum masses, which are super-Earth-like,
Neptune-like, and giant planets. We note that we assume that at
least super-Earth-like planets should contribute to the amount of
missing rocky material from the stellar atmospheres. The posi-
tion of the zero point depends on the adopted minimum slope, so
we may only consider these lines as a tentative indication of the
possible amount of terrestrial planets in the planetary systems of
these solar analogs. This is probably a weak point of this simple
model, which may only prevent us from drawing strong conclu-
sions from this comparison. However, by using this value we are
able to roughly reproduced the amount of rocky material in the
solar planetary system, Mrock ∼ 4 M⊕, which gives a flat slope at
[Fe/H]= 0.
Figure 12 reveals that most of the stars may host certain
amounts (more than 3 M⊕) of terrestrial planets. In particular,
between 3 M⊕ and 10 M⊕ there are many stars with already
detected super-Earth-like planets, but there is no clear corre-
lation between the slope values and amount of missing rocky
material. Stars with known super-Earth-like planets with sim-
ilar mass have in some cases very different predicted missing
masses of rock. Thus, for instance, the star HD 45184 with only
one super-Earth-like planet at ∼ 13 M⊕ exhibits a negative slope
but the predicted amount of rocky material is ∼ 2 M⊕. The
slope of the star HD 1461, which has two super-Earth-like plan-
ets accounting for a total mass of ∼ 14 M⊕, yields a mass of
rock of ∼ 6 M⊕. The two stars with nearly flat slopes at about
+0.05 × 10−4 dex K−1, HD 31527 and HD 160691, and with
low-mass planets at about ∼ 11 M⊕, have however very different
predicted rocky masses at ∼ 3 and ∼ 10 M⊕, respectively. This
may mean that super-Earth-like planets are not traces of rocky
missing material but only Earth-like planets are, or that the as-
sumption that the slope of abundance trends versus condensation
temperature are not related to the amount of terrestrial planets in
the planetary systems of solar analogs.
In Fig. 12 we also depict stars with Neptune-like planets,
which may also have rocky cores covered by volatile-rich at-
mospheres. Similarly we do not really know if super-Earth-like
planets have an atmosphere or a crust rich in volatiles. Two stars
with ∼ 17 M⊕, have however significantly different predicted
missing mass of rock from the stars’ atmosphere at roughly
7 M⊕ and 14 M⊕. The size of the cores of these two plan-
ets are unknown, but if we assume that the cores are similar,
then the star at higher metallicity may also harbor some unde-
tected Earth-like planets. However, again we cannot prove this
is the case but we also cannot demonstrate that the reasoning in
Mele´ndez et al. (2009) and Ramı´rez et al. (2009) is correct.
6.8. Conclusions
We have explored the HARPS database to search for main-
sequence stars with hotter effective temperature than the Sun
and selected a sample in the Teff range 5950–6400 K of 32
“single” stars and 29 stars hosting planets with high-resolution
(λ/δλ & 85, 000) and very high signal-to-noise (S/N & 250 and
S/N ∼ 800 on average) HARPS, UVES, and UES spectroscopic
data. We tried to evaluate the possible connection between the
abundance pattern versus the condensation temperature, TC , and
the presence of terrestrial planets.
We performed a detailed chemical abundance analysis of this
sample of “hot” analogs and investigated possible trends of mean
abundance ratios, ∆[X/Fe]SUN−STARS, versus TC , after remov-
ing the Galactic chemical evolution effects. We find that stars
both with and without planets show similar mean abundance pat-
terns with slightly negative slopes. We also analyzed a subsam-
ple of metal-rich “hot” analogs in the narrow metallicity range
+0.04–+0.19 and also found negative slopes for stars both with
and without planets, and almost equal mean abundance patterns
when restricting the sample to very high quality spectra (S/N
> 550).
We also revisited the sample of solar analogs in
Gonza´lez Herna´ndez et al. (2010) with the updated number of
planet hosts, 62 “single” stars and 33 stars with planets. We
investigated the mean abundance pattern of solar analogs har-
boring planets with the most massive planets at different or-
bital periods and with the least massive planet being a super-
Earth-like, a Neptune-like, and a Jupiter-like planet. We specu-
lated within the scenario in which the presence of rocky plan-
ets affect the volatile-to-refractory abundance ratios in the atmo-
sphere of these planet-host stars. In each case the slope value
reveals expected value according to this scenario, assuming that
the bulk chemical composition of super-Earth planets is closer to
the Earth’s composition than that of Neptunian and Jovian plan-
ets.
This sample of solar analogs and of “hot” analogs have a sub-
sample of eight and two stars harboring super-Earth-like planets.
We computed the average abundance ratios ∆[X/Fe]SUN−STARS
versus condensation, TC , in bins of ∆TC = 150 K, and individ-
ually fit these abundances to get the slope of the average abun-
dance pattern of each star. We find that only four stars show pos-
itive abundance trends, qualitatively in agreement with the ex-
pected value according the reasoning in Mele´ndez et al. (2009)
and Ramı´rez et al. (2009). However, three stars show nearly flat
slopes, and three stars exhibit unexpected negative trends since
they harbor super-Earth-like planets.
Finally, we derived the slopes of the trend∆[X/Fe]SUN−STARS
versus TC for each star of the whole sample of solar analogs
and compared them with a simple model of the amount of
rocky material missed in the stars’ atmospheres. Several so-
lar analogs containing super-Earth-like planets of typically
mp sin i ∼ 11 M⊕, with different slopes, provide very inconsis-
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tent predictions of the missing amount of rocks from 2 to 15 M⊕.
This might mean that only Earth-like planets could track the
amount of missing rocky material in the atmospheres of solar
analogs. Therefore, this comparison cannot provide clear evi-
dence that in the abundance pattern of a solar-type star there are
hints of terrestrial planets in the planetary system of each star.
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Fig. 2. Chemical abundance ratios [X/Fe] versus [Fe/H] for the whole sample of “hot” analogs, containing 32 “single” stars (red
open circles) and 29 stars hosting planets, with the most massive planet in an orbital period Porb < 65 days (green filled diamonds),
115 < Porb < 630 days (violet filled squares), 950 < Porb < 4050 days (orange filled triangles). Red solid lines provide linear fits to
the data points of the 32 “single” stars, whereas blue dashed lines show the linear fits to the data points of “single” solar analogs in
Gonza´lez Herna´ndez et al. (2010).
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Fig. 3. Fig. 2 continued.
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Fig. 4. Mean abundance differences, ∆[X/Fe]SUN−STARS, between the Sun, 29 planet hosts (blue filled circles), and 32 “single” stars
(red open circles) of the sample of all “hot” analogs. Error bars are the standard deviation from the mean divided by the square root
of the number of stars. The points of stars hosting planets have been artificially shifted by –0.15 dex for the sake of clarity. Linear
fits to the data points weighted with the error bars are also displayed for planet hosts (dashed line) and “single” stars (red solid line).
The right panel shows the results after removing the galactic chemical evolution effects using the linear fits to the 32 “single” stars.
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Fig. 5. Same as in Fig. 4 for 13 planet hosts and 13 “single” stars of the sample of metal-rich “hot” analogs.
0 500 1000 1500
TC (K)
-0.6
-0.4
-0.2
0.0
0.2
∆[
X/
Fe
] SU
N
-S
TA
RS
Single: 62 stars
All planet hosts: 33 stars
Planet hosts: 13 stars with 900 < PORB < 4250 days
Planet hosts: 14 stars with 100 < PORB < 600 days
Planet hosts:  6 stars with PORB < 25 days
TEFF-TSUN = 177 K
S/N >  370
Logg-LoggSUN = 0.3
-0.30 < [Fe/H] < 0.50
 C
 C
 C
 C
 C
 O
 O
 O
 O
 O
 S
 S
 S
 S
 S
Na
Na
Na
Na
Na
Mg
Mg
Mg
Mg
Mg
Al
Al
Al
Al
Al
Si
Si
Si
Si
Si
Ca
Ca
Ca
Ca
Ca
Sc
Sc
Sc
Sc
Sc
Ti
Ti
Ti
Ti
Ti
 V
 V
 V
 V
 V
Cr
Cr
Cr
Cr
Cr
Mn
Mn
Mn
Mn
Mn
Co
Co
Co
Co
Co
Ni
Ni
Ni
Ni
Ni
Cu
Cu
Cu
Cu
Cu
Zn
Zn
Zn
Zn
Zn
Sr
Sr
Sr
Sr
Sr
 Y
 Y
 Y
 Y
 Y
Zr
Zr
Zr
Zr
Zr
Ba
Ba
Ba
Ba
Ba
Ce
Ce
Ce
Ce
Ce
Nd
Nd
Nd
Nd
Nd
Eu
Eu
Eu
Eu
Eu
0 500 1000 1500
TC (K)
-0.6
-0.4
-0.2
0.0
0.2
∆[
X/
Fe
] SU
N
-S
TA
RS
Single: 62 stars
All planet hosts: 33 stars
Giant-planet hosts: 21 stars with mpsin(i) > 30 MEARTH
Neptune-planet hosts:  4 stars with 14 < mpsin(i) < 30 MEARTH
Super-Earth-planet hosts:  8 stars with mpsin(i) < 14 MEARTH
TEFF-TSUN = 177 K
S/N >  370
Logg-LoggSUN = 0.3
-0.30 < [Fe/H] < 0.50
 C
 C
 C
 C
 C
 O
 O
 O
 O
 O
 S
 S
 S
 S
 S
Na
Na
Na
Na
Na
Mg
Mg
Mg
Mg
Mg
Al
Al
Al
Al
Al
Si
Si
Si
Si
Si
Ca
Ca
Ca
Ca
Ca
Sc
Sc
Sc
Sc
Sc
Ti
Ti
Ti
Ti
Ti
 V
 V
 V
 V
 V
Cr
Cr
Cr
Cr
Cr
Mn
Mn
Mn
Mn
Mn
Co
Co
Co
Co
Co
Ni
Ni
Ni
Ni
Ni
Cu
Cu
Cu
Cu
Cu
Zn
Zn
Zn
Zn
Zn
Sr
Sr
Sr
Sr
Sr
 Y
 Y
 Y
 Y
 Y
Zr
Zr
Zr
Zr
Zr
Ba
Ba
Ba
Ba
Ba
Ce
Ce
Ce
Ce
Ce
Nd
Nd
Nd
Nd
Nd
Eu
Eu
Eu
Eu
Eu
Fig. 6. Left panel: Same as right panel in Fig. 4 but for solar analogs containing 62 “single” stars (red open circles) and 33 stars
hosting planets (blue filled circles), with the most massive planet in an orbital period Porb < 25 days (6 stars, yellow filled triangles),
100 < Porb < 600 days (14 stars, violet filled squares), 900 < Porb < 4250 days (13 stars, green filled triangles). The mean abundance
differences, ∆[X/H]SUN−STARS, and linear fits have been artificially shifted by −0.15 dex, for the sake of clarity. Horizontal dashed-
dot lines show the zero point levels for each set of points. Right panel: Same as left panel but for planet-host stars with the minimum
mass of the least massive planet in the ranges: mp sin i < 14 M⊕ (8 stars, yellow filled triangles), 14 < mp sin i < 30 M⊕ (4 stars,
violet filled squares), mp sin i > 30 M⊕ (21 stars, green filled triangles).
14
Gonza´lez Herna´ndez et al.: Signatures of terrestrial planets in F-, G- analogs
0 500 1000 1500TC (K)
-0.15
-0.10
-0.05
0.00
0.05
0.10
0.15
∆[
X/
Fe
] SU
N
-S
TA
RS
HD 93385 ([Fe/H]=+0.02, mp= 8.4 MEARTH, NP = 2)
 C
 O  S Na Mg
AlSi Ca ScTi
 V
CrMn CoNi
Cu
Zn
Sr
 Y ZrBaCe
NdEu
0 500 1000 1500TC (K)
-0.1
0.0
0.1
∆[X/Fe]SUN-STARS
HD 134060 ([Fe/H]=+0.14, mp=11.2 MEARTH, NP = 2)
 C
 O
 S
Na
Mg AlSi Ca ScTi
 VCrMn
CoNi
CuZn Sr  Y ZrBa
Ce
NdEu
0 500 1000 1500TC (K)
-0.15
-0.10
-0.05
0.00
0.05
0.10
0.15
∆[
X/
Fe
] SU
N
-S
TA
RS
HD 45184 ([Fe/H]=+0.05, mp=12.7 MEARTH, NP = 1)
 C
 O
 S
Na
Mg
Al
Si Ca
ScTi
 V
CrMn
Co
Ni
Cu
Zn
Sr
 Y
Zr
BaCe
Nd
Eu
0 500 1000 1500TC (K)
-0.1
0.0
0.1
∆[X/Fe]SUN-STARS
HD 189567 ([Fe/H]=-0.24, mp=10.0 MEARTH, NP = 1)
 C
 O
 S Na Mg AlSi
Ca ScTi V
Cr
Mn
CoNiCu
Zn
Sr
 Y
ZrBa
Ce Nd
Eu
0 500 1000 1500TC (K)
-0.15
-0.10
-0.05
0.00
0.05
0.10
0.15
∆[
X/
Fe
] SU
N
-S
TA
RS
HD 1461 ([Fe/H]=+0.20, mp= 5.9 MEARTH, NP = 2)
 C
 O
 S
Na Mg AlSi
Ca
ScTi VCrMn
CoNi
Cu
Zn Sr
 Y
Zr
BaCe NdEu
0 500 1000 1500TC (K)
-0.1
0.0
0.1
∆[X/Fe]SUN-STARS
HD 96700 ([Fe/H]=-0.18, mp= 9.0 MEARTH, NP = 2)
 C
 O
 S
Na Mg AlSi Ca ScTi
 V
CrMn CoNi
CuZn
Sr
 Y
Zr
BaCe
Nd
Eu
0 500 1000 1500TC (K)
-0.15
-0.10
-0.05
0.00
0.05
0.10
0.15
∆[
X/
Fe
] SU
N
-S
TA
RS
HD 31527 ([Fe/H]=-0.17, mp=11.5 MEARTH, NP = 3)
 C
 O
 S
Na
Mg
Al
Si Ca ScTi
 VCrMn CoNi
Cu
Zn
Sr
 Y
Zr
BaCe
NdEu
0 500 1000 1500TC (K)
-0.1
0.0
0.1
∆[X/Fe]SUN-STARS
HD 134606 ([Fe/H]=+0.27, mp= 9.3 MEARTH, NP = 3)
 C
 O
 S Na
Mg AlSi
Ca Sc
Ti
 VCr
Mn
Co
NiCu
Zn Sr
 Y
Zr
Ba
Ce
Nd
Eu
0 500 1000 1500
TC (K)
-0.15
-0.10
-0.05
0.00
0.05
0.10
0.15
∆[
X/
Fe
] SU
N
-S
TA
RS
HD 10180 ([Fe/H]=+0.08, mp=11.8 MEARTH, NP > 3)
 C
 O
 S
Na
Mg Al
Si Ca
ScTi
 V
CrMn CoNi
CuZn
Sr
 Y
Zr
Ba
Ce
NdEu
0 500 1000 1500
TC (K)
-0.1
0.0
0.1
∆[X/Fe]SUN-STARS
HD 160691 ([Fe/H]=+0.30, mp=10.6 MEARTH, NP > 3)
 C
 O
 S
Na
Mg AlSi
Ca
ScTi VCrMn Co
NiCu
Zn
Sr
 Y Zr
Ba
Ce NdEu
Fig. 7. Abundance differences, ∆[X/Fe]SUN−STARS, between the Sun and 10 stars hosting super-Earth-like planets (circles),
2 corresponding to the sample of “hot” analogs (top panels) and 8 belong to the sample of solar analogs analyzed in
Gonza´lez Herna´ndez et al. (2010). Error bars are the uncertainties of the element abundance measurements, corresponding to the
line-by-line scatter. Diamonds show the average abundances in bins of ∆TC = 150 K. Error bars are the standard deviation from the
mean abundance of the elements in each TC bin. Linear fits to the data points (solid line) and to the mean data points (dashed-dotted
line) weighted with the error bars are also displayed.
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Appendix A: Chemical abundance ratios [X/Fe]
In this appendix we provide all the tables containing the element
abundance ratios [X/Fe] of 32 F-, G-type stars without planets
and 29 F-, G-type stars hosting planets that are all available on-
line.
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Table A.1. Abundance ratios [X/Fe] of F-, G-type analogs with planets
HD [C/Fe] [O/Fe] [S/Fe] [Na/Fe] [Mg/Fe] [Al/Fe]
10647 – 0.112 ± 0.070 −0.058 ± 0.042 −0.078 ± 0.057 −0.063 ± 0.064 −0.148 ± 0.014
108147 −0.131 ± 0.028 −0.181 ± 0.070 −0.136 ± 0.007 −0.051 ± 0.057 −0.041 ± 0.057 −0.116 ± 0.007
117618 −0.060 ± 0.049 −0.003 ± 0.070 −0.008 ± 0.049 0.057 ± 0.042 0.002 ± 0.021 −0.018 ± 0.021
121504 −0.112 ± 0.042 0.014 ± 0.070 −0.061 ± 0.120 −0.126 ± 0.085 −0.071 ± 0.049 −0.051 ± 0.035
134060 −0.070 ± 0.015 −0.027 ± 0.070 −0.052 ± 0.021 0.023 ± 0.057 −0.027 ± 0.042 −0.037 ± 0.014
169830 −0.018 ± 0.068 0.068 ± 0.070 −0.027 ± 0.092 0.048 ± 0.057 −0.037 ± 0.021 −0.097 ± 0.021
17051 – −0.061 ± 0.070 −0.066 ± 0.007 0.019 ± 0.070 −0.011 ± 0.113 −0.111 ± 0.070
179949 −0.017 ± 0.127 0.000 ± 0.070 −0.070 ± 0.028 0.020 ± 0.014 −0.120 ± 0.028 −0.260 ± 0.028
19994 0.018 ± 0.068 0.061 ± 0.070 0.061 ± 0.070 0.136 ± 0.021 – −0.049 ± 0.070
208487 −0.064 ± 0.030 0.016 ± 0.070 −0.024 ± 0.070 0.016 ± 0.042 0.031 ± 0.106 −0.064 ± 0.028
212301 −0.094 ± 0.028 0.086 ± 0.070 −0.114 ± 0.057 −0.004 ± 0.071 −0.054 ± 0.057 −0.219 ± 0.021
216435 – −0.044 ± 0.070 −0.024 ± 0.070 0.111 ± 0.021 −0.014 ± 0.014 0.006 ± 0.042
221287 – 0.037 ± 0.070 −0.178 ± 0.021 −0.078 ± 0.021 −0.113 ± 0.014 −0.173 ± 0.070
23079 −0.001 ± 0.045 0.103 ± 0.070 −0.047 ± 0.042 −0.022 ± 0.064 0.008 ± 0.021 −0.027 ± 0.028
39091 – 0.029 ± 0.070 −0.071 ± 0.028 0.039 ± 0.057 0.029 ± 0.042 −0.046 ± 0.035
7449 −0.039 ± 0.035 0.164 ± 0.070 −0.055 ± 0.042 −0.035 ± 0.057 – −0.090 ± 0.007
75289 −0.168 ± 0.025 −0.165 ± 0.070 −0.155 ± 0.127 −0.050 ± 0.035 0.005 ± 0.042 −0.060 ± 0.007
82943 −0.069 ± 0.021 −0.036 ± 0.070 −0.056 ± 0.085 0.094 ± 0.070 −0.071 ± 0.120 −0.031 ± 0.021
93385 −0.045 ± 0.026 0.055 ± 0.070 −0.050 ± 0.064 0.040 ± 0.049 −0.025 ± 0.028 −0.015 ± 0.014
209458 0.011 ± 0.070 −0.099 ± 0.070 −0.084 ± 0.064 −0.044 ± 0.064 – −0.089 ± 0.014
2039 −0.073 ± 0.106 −0.143 ± 0.070 −0.083 ± 0.042 0.107 ± 0.028 −0.123 ± 0.070 −0.003 ± 0.028
213240 −0.075 ± 0.025 0.061 ± 0.070 −0.122 ± 0.029 0.071 ± 0.042 0.041 ± 0.042 0.021 ± 0.028
23596 0.019 ± 0.076 −0.008 ± 0.070 −0.043 ± 0.035 0.162 ± 0.071 −0.018 ± 0.014 −0.008 ± 0.014
50554 0.033 ± 0.101 −0.094 ± 0.070 −0.129 ± 0.035 −0.064 ± 0.042 −0.034 ± 0.042 −0.084 ± 0.014
52265 −0.060 ± 0.047 0.053 ± 0.070 0.013 ± 0.057 0.078 ± 0.035 – −0.057 ± 0.028
72659 0.020 ± 0.040 0.030 ± 0.070 −0.050 ± 0.085 0.060 ± 0.042 0.030 ± 0.070 0.010 ± 0.014
74156 −0.037 ± 0.025 0.006 ± 0.070 −0.054 ± 0.071 0.076 ± 0.057 0.026 ± 0.070 −0.034 ± 0.014
89744 −0.078 ± 0.014 −0.088 ± 0.070 – 0.052 ± 0.042 0.142 ± 0.070 –
9826 −0.003 ± 0.007 −0.078 ± 0.070 – 0.052 ± 0.042 0.102 ± 0.070 0.037 ± 0.148
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Table A.2. Abundance ratios [X/Fe] of F-, G-type analogs with planets
HD [Si/Fe] [Ca/Fe] [Sc/Fe] [Ti/Fe] [V/Fe] [Cr/Fe]
10647 −0.031 ± 0.016 0.023 ± 0.024 −0.033 ± 0.031 −0.016 ± 0.031 −0.098 ± 0.049 −0.022 ± 0.040
108147 −0.010 ± 0.019 0.028 ± 0.021 −0.028 ± 0.010 −0.016 ± 0.033 −0.054 ± 0.041 −0.029 ± 0.025
117618 0.004 ± 0.018 0.024 ± 0.032 0.029 ± 0.030 −0.019 ± 0.016 −0.018 ± 0.006 −0.006 ± 0.017
121504 −0.016 ± 0.015 0.021 ± 0.024 0.000 ± 0.034 −0.014 ± 0.017 −0.050 ± 0.015 0.014 ± 0.007
134060 −0.006 ± 0.025 0.008 ± 0.013 0.039 ± 0.032 0.005 ± 0.017 −0.007 ± 0.041 −0.002 ± 0.017
169830 0.007 ± 0.016 0.014 ± 0.048 −0.004 ± 0.027 −0.014 ± 0.034 −0.064 ± 0.030 −0.021 ± 0.023
17051 −0.006 ± 0.029 0.017 ± 0.031 −0.004 ± 0.074 −0.003 ± 0.050 −0.021 ± 0.084 0.002 ± 0.019
179949 −0.013 ± 0.040 0.005 ± 0.033 −0.040 ± 0.010 −0.022 ± 0.037 −0.018 ± 0.058 −0.025 ± 0.026
19994 0.027 ± 0.032 −0.007 ± 0.029 0.076 ± 0.019 0.041 ± 0.044 −0.005 ± 0.075 −0.042 ± 0.056
208487 −0.004 ± 0.009 0.021 ± 0.010 0.004 ± 0.022 −0.004 ± 0.024 −0.062 ± 0.040 −0.018 ± 0.019
212301 −0.019 ± 0.034 0.014 ± 0.016 −0.014 ± 0.048 −0.016 ± 0.034 −0.006 ± 0.041 0.001 ± 0.021
216435 0.018 ± 0.015 0.019 ± 0.029 0.051 ± 0.025 −0.008 ± 0.035 0.012 ± 0.044 −0.018 ± 0.027
221287 −0.035 ± 0.014 0.044 ± 0.032 −0.028 ± 0.017 0.020 ± 0.034 −0.066 ± 0.088 −0.009 ± 0.043
23079 0.008 ± 0.007 0.051 ± 0.010 0.037 ± 0.036 0.029 ± 0.021 −0.064 ± 0.040 −0.002 ± 0.020
39091 0.001 ± 0.013 0.013 ± 0.017 0.019 ± 0.042 −0.018 ± 0.026 −0.038 ± 0.025 −0.002 ± 0.013
7449 0.001 ± 0.007 0.052 ± 0.018 −0.017 ± 0.026 0.020 ± 0.025 −0.054 ± 0.045 −0.000 ± 0.026
75289 −0.028 ± 0.028 0.045 ± 0.030 0.043 ± 0.054 0.010 ± 0.024 −0.018 ± 0.045 0.002 ± 0.014
82943 −0.006 ± 0.018 −0.036 ± 0.062 0.064 ± 0.037 −0.027 ± 0.026 −0.004 ± 0.023 0.000 ± 0.017
93385 0.008 ± 0.013 0.020 ± 0.010 0.028 ± 0.021 −0.006 ± 0.023 −0.035 ± 0.042 0.001 ± 0.019
209458 0.002 ± 0.056 0.041 ± 0.055 – 0.014 ± 0.090 −0.069 ± 0.029 0.024 ± 0.133
2039 −0.000 ± 0.017 0.014 ± 0.036 0.039 ± 0.047 −0.000 ± 0.029 0.047 ± 0.007 0.006 ± 0.012
213240 0.007 ± 0.012 0.008 ± 0.032 0.071 ± 0.055 0.008 ± 0.023 0.015 ± 0.025 −0.022 ± 0.016
23596 0.014 ± 0.039 −0.027 ± 0.045 0.105 ± 0.022 −0.025 ± 0.034 0.006 ± 0.023 −0.013 ± 0.039
50554 −0.009 ± 0.049 0.009 ± 0.034 0.049 ± 0.006 0.009 ± 0.049 0.008 ± 0.058 −0.025 ± 0.044
52265 0.015 ± 0.020 0.061 ± 0.033 0.028 ± 0.033 −0.027 ± 0.021 −0.031 ± 0.023 −0.015 ± 0.033
72659 0.021 ± 0.012 0.026 ± 0.014 0.050 ± 0.026 0.014 ± 0.015 −0.030 ± 0.038 −0.008 ± 0.008
74156 0.010 ± 0.010 0.030 ± 0.038 0.044 ± 0.010 0.000 ± 0.029 −0.017 ± 0.027 −0.034 ± 0.019
89744 0.015 ± 0.034 0.030 ± 0.034 0.035 ± 0.043 −0.021 ± 0.052 −0.036 ± 0.067 −0.038 ± 0.028
9826 0.032 ± 0.031 0.017 ± 0.014 0.080 ± 0.024 0.009 ± 0.058 0.010 ± 0.077 −0.043 ± 0.044
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Table A.3. Abundance ratios [X/Fe] of F-, G-type analogs with planets
HD [Mn/Fe] [Co/Fe] [Ni/Fe] [Cu/Fe] [Zn/Fe] [Sr/Fe]
10647 −0.046 ± 0.083 −0.122 ± 0.037 −0.064 ± 0.024 −0.048 ± 0.070 −0.078 ± 0.028 0.092 ± 0.070
108147 −0.048 ± 0.033 −0.088 ± 0.024 −0.036 ± 0.030 −0.061 ± 0.070 −0.091 ± 0.042 0.069 ± 0.070
117618 −0.006 ± 0.026 −0.027 ± 0.009 0.003 ± 0.015 0.017 ± 0.070 0.007 ± 0.014 −0.043 ± 0.070
121504 −0.048 ± 0.021 −0.049 ± 0.005 −0.018 ± 0.016 −0.026 ± 0.070 −0.016 ± 0.057 0.024 ± 0.070
134060 −0.005 ± 0.028 −0.007 ± 0.006 0.008 ± 0.022 −0.007 ± 0.070 0.003 ± 0.085 −0.017 ± 0.070
169830 −0.052 ± 0.054 −0.035 ± 0.024 −0.011 ± 0.023 0.018 ± 0.070 −0.077 ± 0.021 −0.002 ± 0.070
17051 0.006 ± 0.046 −0.063 ± 0.027 −0.013 ± 0.027 −0.051 ± 0.070 −0.051 ± 0.028 0.039 ± 0.070
179949 0.028 ± 0.021 −0.066 ± 0.029 −0.025 ± 0.028 −0.050 ± 0.070 −0.110 ± 0.042 0.000 ± 0.070
19994 0.069 ± 0.017 0.006 ± 0.051 0.037 ± 0.028 0.121 ± 0.070 −0.059 ± 0.070 −0.019 ± 0.070
208487 −0.074 ± 0.067 −0.046 ± 0.029 −0.025 ± 0.019 −0.004 ± 0.070 −0.024 ± 0.057 −0.004 ± 0.070
212301 0.003 ± 0.094 −0.036 ± 0.056 −0.009 ± 0.030 0.006 ± 0.070 −0.064 ± 0.042 −0.034 ± 0.070
216435 0.042 ± 0.073 0.016 ± 0.015 0.028 ± 0.026 0.026 ± 0.070 0.011 ± 0.120 −0.104 ± 0.070
221287 −0.260 ± 0.103 −0.116 ± 0.034 −0.068 ± 0.032 −0.013 ± 0.070 −0.093 ± 0.070 0.107 ± 0.070
23079 −0.070 ± 0.070 −0.039 ± 0.024 −0.031 ± 0.014 −0.007 ± 0.070 −0.037 ± 0.014 −0.017 ± 0.070
39091 −0.009 ± 0.031 −0.025 ± 0.005 −0.003 ± 0.010 −0.001 ± 0.070 0.019 ± 0.042 −0.061 ± 0.070
7449 −0.063 ± 0.079 −0.085 ± 0.017 −0.044 ± 0.012 −0.035 ± 0.070 −0.055 ± 0.014 0.005 ± 0.070
75289 −0.060 ± 0.057 −0.039 ± 0.022 −0.015 ± 0.026 −0.065 ± 0.070 −0.145 ± 0.057 0.015 ± 0.070
82943 0.072 ± 0.019 0.010 ± 0.025 0.029 ± 0.019 0.004 ± 0.070 −0.006 ± 0.042 −0.086 ± 0.070
93385 −0.049 ± 0.045 −0.033 ± 0.017 −0.002 ± 0.012 −0.005 ± 0.070 0.000 ± 0.007 −0.035 ± 0.070
209458 −0.146 ± 0.062 −0.051 ± 0.133 −0.032 ± 0.110 – −0.139 ± 0.070 −0.009 ± 0.070
2039 0.097 ± 0.070 0.033 ± 0.023 0.039 ± 0.038 −0.033 ± 0.070 −0.053 ± 0.070 –
213240 −0.014 ± 0.029 0.016 ± 0.012 0.013 ± 0.020 −0.009 ± 0.070 0.028 ± 0.040 −0.069 ± 0.070
23596 0.137 ± 0.031 0.019 ± 0.030 0.042 ± 0.029 – 0.062 ± 0.113 −0.108 ± 0.070
50554 −0.076 ± 0.102 −0.057 ± 0.025 −0.035 ± 0.037 – −0.069 ± 0.134 0.216 ± 0.070
52265 −0.015 ± 0.067 −0.040 ± 0.031 0.006 ± 0.026 −0.017 ± 0.070 −0.007 ± 0.017 −0.007 ± 0.070
72659 −0.110 ± 0.071 0.005 ± 0.005 −0.007 ± 0.020 0.060 ± 0.070 −0.020 ± 0.070 –
74156 −0.059 ± 0.092 −0.004 ± 0.012 0.016 ± 0.028 0.046 ± 0.070 −0.034 ± 0.070 –
89744 0.082 ± 0.099 −0.074 ± 0.047 −0.038 ± 0.044 – – –
9826 – −0.031 ± 0.032 −0.017 ± 0.039 – −0.008 ± 0.070 –
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Table A.4. Abundance ratios [X/Fe] of F-, G-type analogs with planets
HD [Y/Fe] [Zr/Fe] [Ba/Fe] [Ce/Fe] [Nd/Fe] [Eu/Fe]
10647 0.162 ± 0.026 0.172 ± 0.070 0.262 ± 0.042 0.135 ± 0.074 0.032 ± 0.070 0.062 ± 0.070
108147 0.124 ± 0.049 0.119 ± 0.070 0.124 ± 0.064 0.042 ± 0.006 −0.021 ± 0.070 0.169 ± 0.070
117618 0.047 ± 0.020 0.087 ± 0.070 0.057 ± 0.070 −0.070 ± 0.031 −0.003 ± 0.070 0.027 ± 0.070
121504 0.098 ± 0.035 0.114 ± 0.070 0.149 ± 0.021 0.038 ± 0.015 −0.026 ± 0.070 0.074 ± 0.070
134060 0.033 ± 0.040 0.053 ± 0.070 0.038 ± 0.021 0.003 ± 0.017 −0.137 ± 0.070 −0.027 ± 0.070
169830 0.068 ± 0.044 0.058 ± 0.070 0.033 ± 0.021 −0.055 ± 0.067 −0.082 ± 0.070 −0.052 ± 0.070
17051 0.092 ± 0.055 0.089 ± 0.070 0.128 ± 0.099 0.029 ± 0.026 −0.161 ± 0.070 0.039 ± 0.070
179949 0.050 ± 0.028 0.050 ± 0.070 0.020 ± 0.028 −0.027 ± 0.012 −0.120 ± 0.070 0.060 ± 0.070
19994 0.088 ± 0.090 0.141 ± 0.070 −0.124 ± 0.007 −0.022 ± 0.057 −0.079 ± 0.070 0.201 ± 0.070
208487 0.069 ± 0.050 0.086 ± 0.070 0.081 ± 0.021 0.049 ± 0.021 0.006 ± 0.070 0.026 ± 0.070
212301 0.062 ± 0.025 0.086 ± 0.070 −0.019 ± 0.021 – −0.084 ± 0.070 0.025 ± 0.070
216435 0.050 ± 0.059 −0.024 ± 0.070 −0.009 ± 0.021 −0.030 ± 0.035 −0.124 ± 0.070 −0.084 ± 0.070
221287 0.174 ± 0.021 0.207 ± 0.070 0.297 ± 0.085 0.107 ± 0.123 0.067 ± 0.070 −0.013 ± 0.070
23079 0.089 ± 0.029 0.123 ± 0.070 0.113 ± 0.070 0.049 ± 0.051 0.013 ± 0.070 0.073 ± 0.070
39091 0.035 ± 0.031 −0.011 ± 0.070 0.019 ± 0.070 −0.011 ± 0.036 −0.111 ± 0.070 −0.051 ± 0.070
7449 0.101 ± 0.029 0.105 ± 0.070 0.185 ± 0.070 0.095 ± 0.052 0.025 ± 0.070 0.125 ± 0.070
75289 0.099 ± 0.042 0.095 ± 0.070 0.075 ± 0.070 0.009 ± 0.023 −0.045 ± 0.070 −0.055 ± 0.070
82943 −0.016 ± 0.040 0.014 ± 0.070 −0.051 ± 0.049 −0.039 ± 0.064 −0.116 ± 0.070 −0.056 ± 0.070
93385 0.042 ± 0.021 0.065 ± 0.070 0.080 ± 0.021 0.002 ± 0.035 −0.065 ± 0.070 0.025 ± 0.070
209458 – – 0.211 ± 0.085 0.041 ± 0.072 – 0.081 ± 0.070
2039 0.001 ± 0.015 −0.043 ± 0.070 −0.108 ± 0.021 – – −0.073 ± 0.070
213240 0.005 ± 0.042 0.001 ± 0.070 −0.019 ± 0.028 −0.005 ± 0.006 −0.119 ± 0.070 0.011 ± 0.070
23596 0.042 ± 0.035 −0.028 ± 0.070 −0.108 ± 0.070 −0.118 ± 0.141 −0.208 ± 0.070 −0.128 ± 0.070
50554 0.163 ± 0.045 0.136 ± 0.070 0.136 ± 0.085 0.321 ± 0.092 0.026 ± 0.070 0.026 ± 0.070
52265 0.050 ± 0.047 0.063 ± 0.070 −0.012 ± 0.007 −0.071 ± 0.025 −0.107 ± 0.070 0.013 ± 0.070
72659 −0.030 ± 0.044 0.020 ± 0.070 −0.005 ± 0.007 – −0.080 ± 0.070 −0.030 ± 0.070
74156 0.050 ± 0.058 −0.004 ± 0.070 −0.009 ± 0.021 – −0.024 ± 0.070 0.056 ± 0.070
89744 – 0.142 ± 0.070 0.022 ± 0.070 – – 0.182 ± 0.070
9826 – 0.232 ± 0.070 0.022 ± 0.028 – – 0.102 ± 0.070
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Table A.5. Abundance ratios [X/Fe] of F-, G-type analogs without known planets
HD [C/Fe] [O/Fe] [S/Fe] [Na/Fe] [Mg/Fe] [Al/Fe]
11226 0.060 ± 0.042 0.054 ± 0.070 0.083 ± 0.070 0.073 ± 0.042 – −0.042 ± 0.021
119638 0.016 ± 0.044 0.116 ± 0.070 0.006 ± 0.057 0.021 ± 0.064 −0.029 ± 0.035 −0.054 ± 0.028
122862 0.050 ± 0.035 0.094 ± 0.070 −0.016 ± 0.042 0.044 ± 0.042 −0.001 ± 0.021 −0.021 ± 0.035
125881 −0.037 ± 0.070 −0.037 ± 0.070 −0.032 ± 0.049 −0.012 ± 0.035 – −0.072 ± 0.021
1388 −0.068 ± 0.020 0.032 ± 0.070 −0.043 ± 0.078 0.002 ± 0.042 −0.068 ± 0.099 −0.033 ± 0.007
145666 −0.054 ± 0.071 −0.117 ± 0.070 −0.127 ± 0.070 −0.042 ± 0.035 −0.037 ± 0.014 −0.087 ± 0.028
157338 −0.011 ± 0.035 0.094 ± 0.070 −0.036 ± 0.028 0.009 ± 0.064 −0.016 ± 0.070 −0.056 ± 0.028
1581 0.004 ± 0.060 0.067 ± 0.070 −0.038 ± 0.007 0.022 ± 0.049 0.042 ± 0.035 −0.018 ± 0.035
168871 – 0.027 ± 0.070 0.007 ± 0.070 0.042 ± 0.035 0.052 ± 0.064 −0.003 ± 0.014
171990 0.034 ± 0.023 0.118 ± 0.070 0.068 ± 0.070 0.093 ± 0.049 0.038 ± 0.028 −0.017 ± 0.007
193193 0.002 ± 0.029 0.205 ± 0.070 −0.020 ± 0.064 0.055 ± 0.042 −0.010 ± 0.035 −0.005 ± 0.028
196800 −0.097 ± 0.060 0.063 ± 0.070 −0.007 ± 0.057 0.088 ± 0.035 −0.042 ± 0.064 −0.007 ± 0.070
199960 −0.021 ± 0.014 0.069 ± 0.070 – 0.059 ± 0.113 −0.056 ± 0.092 −0.021 ± 0.057
204385 0.005 ± 0.090 0.032 ± 0.070 −0.053 ± 0.035 0.052 ± 0.042 −0.003 ± 0.007 −0.018 ± 0.028
221356 – 0.115 ± 0.070 −0.175 ± 0.028 −0.070 ± 0.078 0.025 ± 0.071 −0.045 ± 0.028
31822 −0.061 ± 0.021 0.096 ± 0.070 −0.114 ± 0.070 −0.059 ± 0.049 −0.034 ± 0.070 −0.089 ± 0.035
36379 0.070 ± 0.026 0.110 ± 0.070 0.041 ± 0.070 0.055 ± 0.049 0.050 ± 0.042 −0.020 ± 0.014
3823 0.110 ± 0.085 0.227 ± 0.070 0.012 ± 0.064 0.032 ± 0.049 0.087 ± 0.071 −0.003 ± 0.042
38973 0.002 ± 0.025 −0.025 ± 0.070 −0.025 ± 0.057 0.025 ± 0.028 −0.030 ± 0.035 −0.030 ± 0.021
44120 −0.030 ± 0.038 −0.006 ± 0.070 −0.006 ± 0.070 0.069 ± 0.049 −0.036 ± 0.042 −0.016 ± 0.028
44447 0.060 ± 0.061 0.190 ± 0.070 – 0.030 ± 0.042 0.090 ± 0.085 −0.020 ± 0.014
6735 −0.029 ± 0.042 0.094 ± 0.070 −0.036 ± 0.127 −0.010 ± 0.035 −0.056 ± 0.042 −0.086 ± 0.028
68978A −0.058 ± 0.017 −0.058 ± 0.070 −0.083 ± 0.134 0.002 ± 0.057 −0.003 ± 0.007 −0.048 ± 0.028
69655 0.026 ± 0.021 0.143 ± 0.070 −0.022 ± 0.021 0.053 ± 0.042 0.017 ± 0.021 −0.022 ± 0.021
70889 −0.127 ± 0.025 −0.044 ± 0.070 −0.079 ± 0.120 −0.044 ± 0.057 −0.064 ± 0.014 −0.104 ± 0.070
71479 −0.044 ± 0.035 0.133 ± 0.070 −0.057 ± 0.071 0.058 ± 0.106 −0.027 ± 0.057 −0.012 ± 0.007
73121 −0.053 ± 0.020 0.077 ± 0.070 −0.103 ± 0.070 0.037 ± 0.071 0.007 ± 0.070 0.007 ± 0.014
73524 −0.160 ± 0.007 −0.055 ± 0.070 −0.125 ± 0.071 −0.075 ± 0.042 −0.065 ± 0.085 −0.030 ± 0.035
88742 −0.003 ± 0.032 0.041 ± 0.070 −0.029 ± 0.071 −0.029 ± 0.057 −0.029 ± 0.014 −0.084 ± 0.021
95456 −0.068 ± 0.021 −0.012 ± 0.070 −0.012 ± 0.099 0.028 ± 0.057 −0.052 ± 0.014 −0.082 ± 0.028
9782 −0.002 ± 0.045 0.015 ± 0.070 −0.015 ± 0.099 0.025 ± 0.057 −0.055 ± 0.042 −0.060 ± 0.035
33636 −0.106 ± 0.015 0.061 ± 0.070 −0.114 ± 0.021 −0.039 ± 0.057 0.161 ± 0.070 −0.054 ± 0.021
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Table A.6. Abundance ratios [X/Fe] of F-, G-type analogs without known planets
HD [Si/Fe] [Ca/Fe] [Sc/Fe] [Ti/Fe] [V/Fe] [Cr/Fe]
11226 0.012 ± 0.011 0.003 ± 0.017 0.032 ± 0.051 −0.021 ± 0.024 −0.030 ± 0.043 −0.007 ± 0.017
119638 0.027 ± 0.009 0.056 ± 0.028 0.023 ± 0.026 0.015 ± 0.023 −0.042 ± 0.026 −0.004 ± 0.022
122862 0.027 ± 0.009 0.041 ± 0.031 0.071 ± 0.026 0.015 ± 0.013 −0.035 ± 0.051 −0.003 ± 0.024
125881 −0.011 ± 0.022 0.023 ± 0.014 −0.019 ± 0.037 −0.019 ± 0.017 −0.043 ± 0.018 0.005 ± 0.010
1388 0.002 ± 0.014 0.036 ± 0.014 0.042 ± 0.043 0.007 ± 0.017 −0.072 ± 0.024 −0.007 ± 0.020
145666 −0.031 ± 0.010 0.019 ± 0.013 −0.052 ± 0.017 −0.014 ± 0.016 −0.077 ± 0.030 0.008 ± 0.012
157338 −0.002 ± 0.009 0.024 ± 0.023 0.009 ± 0.024 −0.008 ± 0.013 −0.056 ± 0.045 −0.006 ± 0.022
1581 0.030 ± 0.007 0.056 ± 0.018 0.040 ± 0.027 0.045 ± 0.027 −0.033 ± 0.055 −0.014 ± 0.020
168871 0.017 ± 0.017 0.056 ± 0.034 0.057 ± 0.043 0.007 ± 0.016 −0.030 ± 0.040 −0.007 ± 0.023
171990 0.022 ± 0.012 0.041 ± 0.047 0.060 ± 0.041 −0.005 ± 0.017 −0.028 ± 0.029 −0.012 ± 0.017
193193 0.010 ± 0.009 0.015 ± 0.018 0.063 ± 0.038 0.005 ± 0.016 −0.013 ± 0.025 −0.002 ± 0.019
196800 0.003 ± 0.017 −0.017 ± 0.014 0.045 ± 0.038 −0.025 ± 0.030 −0.002 ± 0.044 −0.010 ± 0.034
199960 0.015 ± 0.019 −0.021 ± 0.063 0.057 ± 0.035 −0.017 ± 0.035 0.007 ± 0.032 −0.008 ± 0.020
204385 0.011 ± 0.017 0.012 ± 0.022 0.042 ± 0.027 −0.013 ± 0.026 −0.058 ± 0.033 0.005 ± 0.018
221356 0.012 ± 0.012 0.069 ± 0.049 0.075 ± 0.016 0.088 ± 0.036 −0.069 ± 0.039 −0.025 ± 0.031
31822 −0.001 ± 0.014 0.054 ± 0.025 −0.022 ± 0.022 0.014 ± 0.040 −0.104 ± 0.028 0.005 ± 0.025
36379 0.044 ± 0.011 0.062 ± 0.029 0.070 ± 0.033 0.021 ± 0.024 −0.020 ± 0.053 0.006 ± 0.023
3823 0.061 ± 0.019 0.080 ± 0.021 0.072 ± 0.033 0.058 ± 0.029 −0.035 ± 0.050 −0.008 ± 0.020
38973 0.006 ± 0.012 0.021 ± 0.017 0.003 ± 0.030 −0.023 ± 0.019 −0.033 ± 0.035 0.004 ± 0.018
44120 0.004 ± 0.019 0.035 ± 0.049 0.031 ± 0.022 −0.020 ± 0.024 −0.008 ± 0.025 −0.020 ± 0.020
44447 0.039 ± 0.009 0.051 ± 0.016 0.058 ± 0.040 0.025 ± 0.019 −0.033 ± 0.055 −0.007 ± 0.020
6735 0.011 ± 0.012 0.057 ± 0.021 −0.002 ± 0.033 0.009 ± 0.034 −0.075 ± 0.047 −0.010 ± 0.019
68978A 0.001 ± 0.011 0.030 ± 0.023 −0.003 ± 0.017 −0.006 ± 0.013 −0.037 ± 0.039 0.011 ± 0.013
69655 0.019 ± 0.009 0.038 ± 0.024 0.025 ± 0.022 0.006 ± 0.019 −0.062 ± 0.043 −0.004 ± 0.013
70889 −0.028 ± 0.008 0.021 ± 0.024 −0.039 ± 0.045 −0.026 ± 0.027 −0.064 ± 0.023 0.008 ± 0.014
71479 −0.001 ± 0.019 −0.015 ± 0.026 0.083 ± 0.041 −0.003 ± 0.017 0.029 ± 0.022 −0.000 ± 0.019
73121 0.016 ± 0.015 0.015 ± 0.017 0.060 ± 0.036 −0.000 ± 0.024 −0.006 ± 0.043 −0.008 ± 0.026
73524 −0.008 ± 0.014 0.044 ± 0.030 0.005 ± 0.022 0.010 ± 0.020 −0.030 ± 0.024 0.006 ± 0.016
88742 −0.014 ± 0.013 0.019 ± 0.026 −0.044 ± 0.034 −0.029 ± 0.019 −0.043 ± 0.023 0.013 ± 0.016
95456 0.000 ± 0.014 0.028 ± 0.047 −0.009 ± 0.015 −0.010 ± 0.034 −0.060 ± 0.037 −0.003 ± 0.024
9782 −0.014 ± 0.020 −0.010 ± 0.048 −0.018 ± 0.021 −0.045 ± 0.018 −0.042 ± 0.044 −0.013 ± 0.019
33636 0.004 ± 0.006 0.051 ± 0.015 0.015 ± 0.042 0.041 ± 0.022 −0.031 ± 0.038 0.008 ± 0.027
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Table A.7. Abundance ratios [X/Fe] of F-, G-type analogs without known planets
HD [Mn/Fe] [Co/Fe] [Ni/Fe] [Cu/Fe] [Zn/Fe] [Sr/Fe]
11226 −0.057 ± 0.058 −0.022 ± 0.016 0.004 ± 0.018 0.003 ± 0.070 0.008 ± 0.035 −0.036 ± 0.070
119638 −0.097 ± 0.036 −0.033 ± 0.025 −0.025 ± 0.014 0.006 ± 0.070 −0.014 ± 0.042 −0.035 ± 0.070
122862 −0.039 ± 0.070 −0.028 ± 0.010 −0.010 ± 0.013 0.044 ± 0.070 0.019 ± 0.007 −0.096 ± 0.070
125881 −0.057 ± 0.038 −0.069 ± 0.012 −0.024 ± 0.015 −0.027 ± 0.070 −0.017 ± 0.028 0.033 ± 0.070
1388 −0.082 ± 0.046 −0.038 ± 0.012 −0.021 ± 0.014 −0.008 ± 0.070 −0.043 ± 0.021 −0.008 ± 0.070
145666 −0.089 ± 0.045 −0.089 ± 0.007 −0.048 ± 0.015 −0.037 ± 0.070 −0.037 ± 0.042 0.053 ± 0.070
157338 −0.031 ± 0.071 −0.054 ± 0.024 −0.024 ± 0.012 −0.006 ± 0.070 0.019 ± 0.035 −0.026 ± 0.070
1581 −0.118 ± 0.039 −0.007 ± 0.022 −0.024 ± 0.014 −0.003 ± 0.070 0.007 ± 0.014 −0.043 ± 0.070
168871 −0.081 ± 0.106 −0.035 ± 0.016 −0.012 ± 0.013 0.027 ± 0.070 0.037 ± 0.028 −0.053 ± 0.070
171990 −0.056 ± 0.065 0.016 ± 0.028 0.013 ± 0.021 0.048 ± 0.070 0.033 ± 0.021 −0.062 ± 0.070
193193 −0.050 ± 0.026 −0.016 ± 0.021 −0.011 ± 0.015 0.005 ± 0.070 0.015 ± 0.014 −0.065 ± 0.070
196800 0.015 ± 0.015 0.015 ± 0.019 0.028 ± 0.017 0.013 ± 0.070 0.013 ± 0.057 −0.057 ± 0.070
199960 0.087 ± 0.025 0.059 ± 0.013 0.056 ± 0.028 0.059 ± 0.070 0.069 ± 0.113 −0.091 ± 0.070
204385 −0.024 ± 0.048 0.009 ± 0.014 0.001 ± 0.020 0.032 ± 0.070 0.036 ± 0.092 −0.128 ± 0.070
221356 −0.155 ± 0.073 −0.035 ± 0.035 −0.020 ± 0.037 0.075 ± 0.070 −0.105 ± 0.057 0.005 ± 0.070
31822 −0.162 ± 0.054 −0.086 ± 0.033 −0.057 ± 0.015 −0.004 ± 0.070 −0.099 ± 0.049 −0.004 ± 0.070
36379 −0.069 ± 0.078 −0.020 ± 0.023 −0.015 ± 0.015 0.030 ± 0.070 0.000 ± 0.070 −0.100 ± 0.070
3823 −0.153 ± 0.027 −0.002 ± 0.016 −0.013 ± 0.015 0.067 ± 0.070 −0.028 ± 0.078 −0.093 ± 0.070
38973 −0.045 ± 0.037 −0.031 ± 0.013 −0.001 ± 0.013 −0.005 ± 0.070 0.010 ± 0.035 −0.055 ± 0.070
44120 −0.016 ± 0.055 −0.016 ± 0.008 0.013 ± 0.015 0.014 ± 0.070 −0.001 ± 0.078 −0.076 ± 0.070
44447 −0.120 ± 0.039 −0.029 ± 0.033 −0.025 ± 0.015 0.020 ± 0.070 0.015 ± 0.021 −0.130 ± 0.070
6735 −0.144 ± 0.084 −0.061 ± 0.032 −0.042 ± 0.016 −0.025 ± 0.070 −0.050 ± 0.007 −0.005 ± 0.070
68978A −0.082 ± 0.044 −0.028 ± 0.019 −0.017 ± 0.014 −0.028 ± 0.070 −0.143 ± 0.007 −0.218 ± 0.070
69655 −0.095 ± 0.039 −0.011 ± 0.015 −0.016 ± 0.018 0.013 ± 0.070 0.032 ± 0.085 −0.057 ± 0.070
70889 −0.024 ± 0.024 −0.082 ± 0.016 −0.033 ± 0.009 −0.064 ± 0.070 −0.074 ± 0.028 0.046 ± 0.070
71479 0.037 ± 0.043 0.033 ± 0.018 0.041 ± 0.015 0.023 ± 0.070 0.003 ± 0.042 −0.037 ± 0.070
73121 −0.033 ± 0.033 −0.021 ± 0.013 0.001 ± 0.017 0.007 ± 0.070 0.002 ± 0.035 −0.033 ± 0.070
73524 −0.060 ± 0.024 −0.022 ± 0.013 −0.012 ± 0.015 −0.045 ± 0.070 −0.095 ± 0.042 0.055 ± 0.070
88742 −0.057 ± 0.022 −0.071 ± 0.022 −0.034 ± 0.014 −0.069 ± 0.070 −0.044 ± 0.007 0.031 ± 0.070
95456 −0.029 ± 0.039 −0.035 ± 0.022 −0.010 ± 0.018 −0.002 ± 0.070 −0.047 ± 0.007 −0.012 ± 0.070
9782 −0.020 ± 0.029 −0.038 ± 0.020 −0.005 ± 0.019 −0.025 ± 0.070 −0.050 ± 0.035 −0.025 ± 0.070
33636 – −0.062 ± 0.016 −0.047 ± 0.017 −0.079 ± 0.070 −0.039 ± 0.070 –
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Table A.8. Abundance ratios [X/Fe] of F-, G-type analogs without known planets
HD [Y/Fe] [Zr/Fe] [Ba/Fe] [Ce/Fe] [Nd/Fe] [Eu/Fe]
11226 0.030 ± 0.029 0.044 ± 0.070 0.048 ± 0.106 −0.047 ± 0.030 −0.117 ± 0.070 0.003 ± 0.070
119638 0.056 ± 0.035 0.096 ± 0.070 0.126 ± 0.042 −0.001 ± 0.076 −0.054 ± 0.070 0.046 ± 0.070
122862 0.000 ± 0.046 0.034 ± 0.070 0.024 ± 0.028 −0.046 ± 0.060 −0.056 ± 0.070 0.074 ± 0.070
125881 0.103 ± 0.010 0.133 ± 0.070 0.148 ± 0.049 0.019 ± 0.038 −0.027 ± 0.070 0.063 ± 0.070
1388 0.048 ± 0.021 0.072 ± 0.070 0.067 ± 0.007 0.028 ± 0.025 −0.078 ± 0.070 0.042 ± 0.070
145666 0.119 ± 0.012 0.133 ± 0.070 0.198 ± 0.007 0.096 ± 0.029 0.003 ± 0.070 0.033 ± 0.070
157338 0.057 ± 0.015 0.074 ± 0.070 0.129 ± 0.106 −0.003 ± 0.025 −0.086 ± 0.070 0.014 ± 0.070
1581 0.040 ± 0.023 0.107 ± 0.070 0.097 ± 0.028 0.040 ± 0.050 0.007 ± 0.070 0.097 ± 0.070
168871 0.024 ± 0.029 0.057 ± 0.070 0.052 ± 0.021 −0.006 ± 0.021 −0.083 ± 0.070 0.077 ± 0.070
171990 0.044 ± 0.038 0.048 ± 0.070 0.043 ± 0.021 −0.032 ± 0.061 −0.102 ± 0.070 0.028 ± 0.070
193193 0.015 ± 0.026 −0.015 ± 0.070 0.060 ± 0.021 −0.018 ± 0.029 −0.095 ± 0.070 −0.015 ± 0.070
196800 0.013 ± 0.026 −0.067 ± 0.070 −0.037 ± 0.014 −0.034 ± 0.092 −0.127 ± 0.070 −0.167 ± 0.070
199960 −0.008 ± 0.075 0.009 ± 0.070 −0.076 ± 0.035 – −0.161 ± 0.070 0.059 ± 0.070
204385 0.045 ± 0.023 −0.048 ± 0.070 0.061 ± 0.028 −0.035 ± 0.050 −0.088 ± 0.070 −0.008 ± 0.070
221356 0.052 ± 0.061 0.075 ± 0.070 0.215 ± 0.014 – 0.065 ± 0.070 0.145 ± 0.070
31822 0.092 ± 0.012 0.096 ± 0.070 0.271 ± 0.035 0.122 ± 0.086 0.066 ± 0.070 −0.094 ± 0.070
36379 −0.020 ± 0.044 0.020 ± 0.070 0.030 ± 0.042 −0.050 ± 0.026 −0.089 ± 0.070 0.041 ± 0.070
3823 −0.043 ± 0.053 0.017 ± 0.070 −0.028 ± 0.021 −0.033 ± 0.050 −0.083 ± 0.070 0.077 ± 0.070
38973 0.052 ± 0.021 0.035 ± 0.070 0.030 ± 0.035 −0.042 ± 0.035 −0.075 ± 0.070 0.025 ± 0.070
44120 0.014 ± 0.026 0.014 ± 0.070 0.019 ± 0.007 −0.046 ± 0.020 −0.116 ± 0.070 0.034 ± 0.070
44447 −0.047 ± 0.049 −0.010 ± 0.070 −0.010 ± 0.014 −0.050 ± 0.062 −0.100 ± 0.070 0.030 ± 0.070
6735 0.101 ± 0.029 0.134 ± 0.070 0.194 ± 0.028 0.041 ± 0.137 −0.036 ± 0.070 −0.005 ± 0.070
68978A 0.079 ± 0.029 0.042 ± 0.070 0.122 ± 0.028 0.032 ± 0.017 −0.068 ± 0.070 −0.098 ± 0.070
69655 0.002 ± 0.026 0.023 ± 0.070 0.058 ± 0.007 −0.007 ± 0.017 −0.047 ± 0.070 0.032 ± 0.070
70889 0.113 ± 0.012 0.116 ± 0.070 0.176 ± 0.028 0.053 ± 0.015 −0.084 ± 0.070 −0.054 ± 0.070
71479 0.010 ± 0.051 −0.017 ± 0.070 −0.047 ± 0.028 −0.044 ± 0.049 −0.157 ± 0.070 −0.027 ± 0.070
73121 0.067 ± 0.044 0.047 ± 0.070 0.107 ± 0.042 0.020 ± 0.046 −0.083 ± 0.070 0.067 ± 0.070
73524 0.085 ± 0.040 0.105 ± 0.070 0.095 ± 0.014 0.042 ± 0.025 −0.055 ± 0.070 0.045 ± 0.070
88742 0.097 ± 0.021 0.131 ± 0.070 0.151 ± 0.014 0.051 ± 0.030 −0.049 ± 0.070 −0.039 ± 0.070
95456 0.078 ± 0.044 0.058 ± 0.070 0.028 ± 0.070 −0.025 ± 0.032 −0.052 ± 0.070 −0.052 ± 0.070
9782 0.058 ± 0.015 0.045 ± 0.070 0.030 ± 0.021 −0.065 ± 0.078 −0.145 ± 0.070 −0.045 ± 0.070
33636 0.101 ± 0.017 0.141 ± 0.070 0.191 ± 0.014 – 0.071 ± 0.070 0.051 ± 0.070
